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ABSTRACT

This study attempts to identify conditions of school building quality that relate to the
performance of students in public high schools in South Carolina. The amount of data
collected in this area is relatively small, and the researcher wishes to add South Carolina
to the list of states that are slowly developing a means to assess school condition. The
primary research question in the study asks: How does the condition of a school facility
affect student performance, as measured by the High School Assessment Program? The
results are analyzed using AMOS in lieu of more traditional statistical approaches.
AMOS provides a higher level of sophistication in terms of analysis and provided for
stronger results. Results of the study indicate that five areas related to school facility
condition affect student performance, including the equipment found in science labs, the
cosmetic condition of paint and furniture, the ability to supervise and provide security,
the adequacy of the heating, ventilation and air-conditioning systems, and the availability,
functionality and size of athletic facilities.
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CHAPTER ONE
INTRODUCTION

“First we shape our buildings, and afterwards they shape us.” Winston Churchill
summarizes the philosophy of many educators when it comes to the relationship between
school facilities and student achievement. Decaying environmental conditions such as
peeling paint, crumbling plaster, nonfunctioning toilets, poor lighting, inadequate
ventilation, and inoperative heating and cooling systems can affect the learning, health,
and morale of students and staff in school buildings (Cash, 1993; Earthman, 1998;
Cervantes, 1999; Broome, 2003). Many buildings have obsolete mechanical and
electrical systems, as well as problems with roofing, asbestos, disability accessibility,
safety, fire code compliance, and high operational costs (Ayers, 1999). The quality and
configuration of school facilities have as much impact on student achievement as the
instructional leadership of the school principal and the overall culture and climate of the
school (Hines, 1996).
School district leaders must assure that the school facility is as conducive to
learning as possible (Holt & Smith, 2002), and make administrative decisions to best
utilize educational funding that has not proportionally grown to meet the needs of school
facilities (Lanham, 1999). Numerous studies published in the last decade indicate that the
school building in which a child attends school can positively or negatively effect his or
her educational attainment (Stevenson, 2001). Among many policymakers and school
officials, there is an assumption that learning can take place anywhere and that a good
teacher can accomplish their task while “sitting on a log”(p.12) (Guy, 2001, p.12). Prior

1

research shows, however, that good teaching is augmented by other factors, including the
quality of the environment in which learning occurs.
Educators argue that school and district leadership must consider the attitudes that
are formed relating to the school building. For example, Cash (1993) noted that “students
may assume the faculty and staff of a poorly maintained building will accept or expect a
lower standard of behavior and a lesser effort in academic achievement” (p.1). Hines
(1996) adds, “If the faculty and staff maintain the facility poorly, then students may
assume that low demands will be made of them”(p.1). Kozol (1992) notes, “The point is
that all the school reforms on earth are worthless if kids have to come to school in
buildings that destroy their spirits.”
Funding issues facing public schools in terms of their condition are staggering.
Data from the United States General Accounting Office (GAO) study (1995) indicates
that $112 billion would be required to complete repairs, renovations, and modernizations
required to help school districts comply with federal mandates. In actuality, according to
the 21st Century School Fund (2006), an estimated $179 billion has been spent in the
decade between 1995 and 2004 to expand or upgrade existing schools, and an additional
$124 billion was used in constructing brand new schools. Further, many older facilities
cannot meet Americans with Disabilities Act accessibility requirements without extensive
and often expensive renovation (Lyons, 2001).
Inadequate school facilities may result in alienated students, low staff morale,
high rates of teacher attrition, inability to provide specialized curricula, reduced learning
time, distractions from learning, reduced ability to meet special needs, lack of
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technological proficiency, health problems for staff and students, safety hazards, and
difficulties supervising student. New state standards and federal mandates hold teachers
and principals to higher levels of accountability, yet many continue to work in substandard buildings that are desperately in need of repair or modernization (21st Century
School Fund, 2002). Lyons (2001) states that the difference to a child between receiving
an education in a well-designed, modern new school and a typical 42-year old school can
be compared to “the difference between writing in the sand and surfing the Internet" (p.1)
South Carolina public schools are likely no exception to the national trend in
school facility conditions. Stevenson (2001) has conducted a study that examined the
relationship between school facilities and student achievement on the Palmetto
Achievement Challenge Test (PACT) for students in grades 3-8 and on the Scholastic
Aptitude Test (SAT) for students in high school. This study provided evidence
supporting a positive relationship between student achievement and facility condition.
This study was somewhat limited in scope, however, and not as thorough as other studies
in the nation have been (Cash, 1993; Earthman et al, 1995; Hines, 1996; Lanham, 1999).
There are at least three decades of research that demonstrate a link between
student achievement and the condition of the school buildings they attend (Earthman,
2004). The leadership of the school system, including the principal, the superintendent,
and the school board, determine the emphasis in terms of resource allocation placed on
areas within the system (Cash, 1993). Funding for routine maintenance and capital
expenditures for building improvements are often the first areas considered for budget
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cuts (Hines, 1996). Research must be conducted that would provide a sound basis on
which decisions regarding South Carolina’s public schools can be made.
The study will be performed using the Hines study of Virginia high schools
(1996) as a guide. Hines examined the relationship between the condition of school
facilities and student behavior and achievement in urban Virginia high schools. Hines’
study used the Commonwealth Assessment of Physical Environment (CAPE) developed
by Cash (1993) to evaluate the condition of the high schools in his study. Several other
studies have also used this instrument as a data collection device, including Cash (1993)
Earthman, Cash, and Van Berkum (1995), Hines (1996), Lanham (1999), and Syverson
(2005). These studies all found a relationship between student achievement and
behavior as they relate to the condition of school facilities, and will be discussed in more
detail in Chapter Two.
Previous studies have categorized facility condition into three groups, based on
the CAPE instrument. The majority of these studies were completed before the No Child
Left Behind legislation became law, which means accountability standards may not have
been as high as their current levels. As a result, school administrators are struggling to
find ways to improve student performance, even at the smallest scale. To incorporate this
aspect of accountability into this study, a research method that allows for the examination
of new data from South Carolina high schools is used.
This study will utilize a more sophisticated statistical methodology than have
previous studies. The analysis will be conducted in a three-parts: The first part will be an
exploratory factor analysis using SPSS to determine a set of factors from observed
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variables from responses to the survey of South Carolina High Schools. Following the
exploratory analysis, Confirmatory Factor Analysis will be conducted using AMOS to
test the hypothesis that the model created in the exploratory procedure is indeed a model
of strong fit. Finally, AMOS will again be utilized to test the model of school facility
condition alongside student performance in South Carolina high schools. The use of the
structural equation modeling procedure to evaluate the model should result in a stronger
study, as the SEM process is significantly more powerful than the simple general linear
modeling used in previous studies.

Purpose of the Study
Researchers have suggested that replications of a study examining the relationship
between student achievement and the condition of the facility be undertaken in various
geographic areas (Cash, 1993; Lanham, 1999; Lemasters, 1997; Hines, 1996). One
purpose of this research is to add to the existing body of knowledge in the area of school
facilities and their relationship to student achievement.
Second, this study attempts to provide valuable information to administrators,
policymakers, and school planners and designers in South Carolina regarding the
condition of high school facilities within the state. This information can be used in the
planning of school renovations and future replacement projects, as well as in the general
decision-making process utilized in school maintenance and repair.
Third, this study attempts to use more sophisticated methodology than has been
used in the past in order to clarify and refine knowledge of the relationship between
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facility condition and student performance. Previous studies have focused on two subsets
of facility conditions (structural and cosmetic). This focus of this study will be on latent
factors developed through the SEM process.

Theoretical Foundation
This study is grounded in Cash’s model of the relationship between school facilities and
the various key stakeholders in the educational process (Cash, 1993). Cash’s model
proposes that building conditions affect student achievement and behavior directly and
indirectly. The model has been modified after several replications of Cash’s study.
Lemasters revised the model in 1997; based on a meta-analysis of facility—student
achievement studies. The models are illustrated in Chapter Two.

Problem Statement
School districts nationwide are facing increasing demands for accountability regarding
student performance. The condition of public high school buildings in South Carolina
should be evaluated to determine whether, and the manner in which, facility conditions
can aid with such accountability demands.
Using this problem statement as a basis for inquiry, the following research
question is being investigated in this study:
How does the condition of a school facility affect student performance, as measured
by the High School Assessment Program?
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Definitions
The following terms are defined in order to maintain continuity with previously
conducted studies. These definitions are meant to further clarify ambiguous terms and
phrases used throughout the study.
1.

Socio-economic Status (SES) is defined as the Poverty Index used in the
comparison of South Carolina public schools on the South Carolina education
report card. The PPOV is a measure of the ratio of students not on free and
reduced lunch to the number of students enrolled in the high school. The
PPOV also takes into account the number of students eligible for Medicare, as
some areas of the state have a population that is more reluctant to apply for
free and reduced meals. This factor is used as a covariate to control student
performance variance related to SES.

2.

The Commonwealth Assessment of Physical Environment (CAPE) is the
instrument used to ascertain information regarding the physical condition,
both structural and cosmetic, of school facilities. The CAPE measures factors
related to climate control, acoustics, lighting, student density, science
equipment adequacy, building age, and various cosmetic conditions including
sweeping and mopping frequency, wall colors, and landscaping conditions,
among others.

3.

Student performance is defined as the average school-wide score on the South
Carolina High School Assessment Program (HSAP) administered to all
second-year high school students in the spring of 2007. The scores are
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reported as English language arts and mathematics. Student performance also
includes the control variable SES. It is used as a latent variable in the
development of the final model of the study.

Delimitations
1.

The socio-economic status of a community supporting a school has been
highly correlated to student performance (Cash, 1993). Since this study
includes a wide variety of geographic locations with a wide variety of socioeconomic conditions, a measure of socio-economic status is being used to
control for these variations.

2.

This study is limited to schools in South Carolina, since the measure of
student achievement (HSAP) assesses student achievement in that state only.
It is the intent of the researcher to provide additional support to previous
research in terms of the relationship between facility condition and student
performance.

Limitations
As with the Cash (1993) and Hines (1996) studies, several limitations to this research
exist. The first two limitations are presented below.
1.

Since the instrument used in this survey is completed by local building
principals, there is a limitation on the objectivity of data being collected
(Cash, 1993).

8

2.

It would be fairly difficult (and beyond the scope of this study) to identify all
of the variables that could affect student achievement. As a result, a large
error variance and less statistically significant correlation could result. (Cash,
1993)

In addition to the limitations presented by Cash, the researcher conducting this study
proposes the following additional limitation:
3.

This study includes all public high schools in the state of South Carolina.
Caution must be used when generalizing results beyond the state, however,
since the assessment tool used for student achievement (HSAP) is
administered only in South Carolina public high schools.

Organization of the Study
Chapter One served as an introduction to the study, with an examination of the purpose of
the study, its contribution to the existing knowledge base, and the identification of the
questions that will guide the research. The purpose of this study is to examine the
relationship between school facility condition and student achievement and behavior in
public high schools in South Carolina. The study will contribute to the existing
knowledge base by providing support to previous studies of this nature as well as
providing a set of data for South Carolina public high schools. A theoretical foundation
has been identified as a basis for the completion of this study, and definitions of terms
used in the study are provided. Limitations and delimitations of the study have been
presented in chapter one.
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In Chapter Two the researcher will focus on the existing literature in this field of
study. The problem statement identified in chapter one will be more fully framed. Public
school buildings in South Carolina will be discussed, followed by a discussion of the
relevant literature in the area of academic achievement and its relationship to building
condition. Finally, a meta-analysis of the studies using the Commonwealth Assessment
of Physical Environment (CAPE) will be conducted.
Chapter Three will include a discussion of the methodology used in this study.
The modifications to the CAPE instrument will be discussed, as well as the means for
collecting dependent variable data. Statistical procedures to be used will be discussed.
In Chapter Four, the researcher will present the findings of this study, and Chapter
Five will include a discussion of the findings of the research, the implications of the
research, and recommendations for future research.
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CHAPTER TWO
LITERATURE REVIEW

School facilities are perhaps the most important fixture in communities across the nation.
They are a symbol of the commitment of community members to what many consider to
be the strongest need of society today, the education of our children. It is ironic that
these symbols of the community are often allowed to fall into such a state of disrepair and
neglect that they become unsafe to serve their original intended purpose. Schools in a
district with a high percentage of students from low-income families and with a large
minority enrollment are likely to be in the worst physical condition (21st Century School
Fund, 2006).
In a large majority of America’s schools, as students enter today’s classrooms,
they are taking a step backwards in time due to the outdated building conditions that exist
in school districts (Cervantes, 1999). Emergency closings caused by excessive heat or
cold, fire code violations, exposed asbestos, or mold cost students precious instructional
time (21st Century School Fund, 2002). The general condition of buildings is obviously a
concern from different vantage points.
Older buildings in general are more costly to maintain due to aging infrastructure,
including outdated systems for electricity, heating, air conditioning, and water, and often
suffer because of a lack of parts and labor to repair them (Lair, 2003). In school buildings
constructed in the 1960s, there was much less of a need for electrical capacity versus the
need today (21st Century School Fund, 2006). The enhancement of the physical
characteristics of the learning space will improve the teacher’s ability to teach and the

11

student’s ability to learn and will affect other characteristics of students such as health,
attendance, and discipline (Bowers & Burkett, 1987). Stevenson (2006) adds, “If one
school has modern, aesthetically pleasing school facilities, while another struggles with
undersized classrooms and a poor physical environment, the playing field is not level”(p.
14).
Research in the area of school facilities and their relationship to student
performance has been ongoing in waves as early as the 1920s. The knowledge base
relating to school building condition and student performance, while remaining relatively
small, has increased during the past four decades indicating the significance of interest in
this area. A recent study by the 21st Century School Fund (2006) found that “schools in
poor condition ten years ago received the least investment in their facilities, even as the
nation’s schools have seen record spending on school facilities”(p. 5). Clearly, further
research is needed as a means of providing guidance to lawmakers, policymakers and
other concerned stakeholders in terms of maintaining the quality of school facilities.

Methods of Literature Research
Studies exist that examined the effects of overall building conditions, building age,
finishes, lighting, noise, humidity, class size, and other conditions on educational
outcomes. The results are scattered and many studies have not been published beyond a
Master’s thesis or doctoral dissertation; further, few studies have been replicated (Bosch,
2003). The relationship between the condition of the school building and student
performance is one that requires more research, yet there is currently sufficient research
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to suggest that links may exist between building condition and student performance
(Earthman, 2004).
The amount of literature in the area of school facilities and student performance is
relatively small. The researcher evaluated several Internet sources in the search for
related material. The National Clearinghouse for Educational Facilities (NCEF) maintains
a comprehensive library of resources regarding school facilities. In addition, the Council
for Educational Facility Planners (CEFPI) has a strong literature base that provided
sources of information for this study. The review of relevant literature ceased when
repetition became evident.
As Bosch (2003) noted, doctoral dissertations make up much of the literature
examining the direct relationship between student performance and the condition of
school facilities. Reviews of the pertinent studies relating to the development of the
instrument used in this study will be presented later in this chapter. While these sources
of information are generally not regarded as top-tier, they provide a theoretical basis and
background of information for this study.

School Facilities and Student Performance
Although research in this field dates to the 1920s, the most recent trend examining the
relationship between student performance and the condition of school facilities dates to
the 1960s (Lair, 2003; Lewis, 2001). Research significantly decreased in the late 70s after
the demise of the open classroom movement and the rise of the conservative, back-tobasics reform movement of the 1980s (Lackney, 1994). In the 1990s and 2000s, the
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amount of research in this field has again risen as the concern over the age and condition
of school facilities has taken center stage. Stevenson (2001) notes, “growing numbers of
studies have emerged indicating that, in fact, the school building a child attends can
positively or negatively affect his or her educational attainment” (p. 1).
More than 75 percent of school buildings in use today were built before 1970
(Lyons, 2001), while the average age of a school building is 42 years old. Stevenson
(2001) noted that school buildings are typically built with a fifty-year life expectancy. It
is apparent that many of these buildings are rapidly approaching the end of their life
expectancy, many having already had major renovations of mechanical systems, interior
appointments, and electrical and communication systems. The tendency by Americans to
expect 21st century academic excellence using 50-year-old equipment and facilities has
backfired with regards to student performance (Lair, 2003). The United States
Government Accounting Office (GAO) (1995) projected the need for $112 billion for
renovations and replacement of school buildings. According to the 21st Century School
Fund (2006), an estimated $179 billion has been spent in the decade between 1995 and
2004 to expand or upgrade existing schools, and an additional $124 billion was used in
constructing brand new schools. The disparity between the GAO report and actual
spending is obvious. Unfortunately, the problem of inadequate school facilities is still a
major concern for students, parents and school personnel. To further complicate the
problem, many of the facility needs today are not the relatively simple maintenance or
repair items of years past. Stevenson (2006) points to the change in curriculum and
movement to more specialized instructional programs that require new design and
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construction methods. One school may need several art rooms, while another school may
require several computer labs. The variety of instructional approaches and the content of
the curriculum may be limited when a classroom is not designed for a particular use (21st
Century School Fund, 2002). In addition, recent research points to the need to reduce
class size and provide more teachers and space for special needs students, further
complicating the need for quality school facilities (Stevenson, 2006). According to
Earthman (1996), students in new buildings had better attitudes than those who went to
school in dilapidated facilities. His findings indicate that further research in the area of
school facilities and student performance is needed (1995).
Lemasters (1997) provided details for further research in the area of school
facilities and student performance. She argued that selected samples from various regions
of the continent would be more workable. This research needs to be similar in intent,
methodology, protocol and variables. Lemasters also suggests representation from
multiple geographic areas; from large and small school divisions, from rural, suburban
and city school systems; from divisions with various economic bases; and from different
levels of the school population. Each study should use common instruments to determine
the physical condition of facilities. Earthman (1998) also cited the lack of replication of
sound studies as a concern. Not only should the same documents be used to appraise the
conditions of the learning environment, these surveys should be completed by the same
level of building administrators or personnel. Data must be analyzed using similar
statistical procedures (Lemasters, 1997).
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While research has been conducted on various aspects of the condition of school
facilities, this study will focus on the current physical condition of buildings and the
relationship to student performance. The next section of this chapter will examine the
aspects of building condition that prior research has indicated are related to student
performance.
Student performance can be affected by many factors, both in and outside of the
school building. Lanham (1999) noted that identification of specific building and
classroom factors that have a significant relationship to student performance can help
architects, facility planners, administrators, principals and teachers make improvements
in instructional spaces that would help foster increased student learning and thus allow
them to achieve higher scores on assessment instruments. One example is socioeconomic status of the community. Stevenson (2001), in his study of South Carolina
schools, found that 60% of the variance related to student performance could be
attributed to students on free and reduced lunch. Broome (2003) found that 67% of the
variance in student performance could be attributed to socio-economic status. Cervantes
(1999) indicated that a significant relationship existed between socio-economic status and
student performance among 11th grade students. Each of the studies that utilized the
Commonwealth Assessment of Physical Environment (CAPE) accounted for socioeconomic status in some way, because of its obvious relationship to student performance.
This study will use socio-economic status as a controlling variable as well.
Many variables related to the condition of the built school facility can be related
to student performance as well. Variables to be assessed in this study were found to be
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significant indicators of student performance in previous studies, both those that used the
CAPE as well as those using other measurement instruments. Each variable will be
discussed briefly in the following section. The variables to be discussed include the age
of the building, natural lighting, flooring material and condition, roofing, the availability
of adjacent extra-curricular facilities, locker condition, ceiling material, condition of
classroom furniture, condition of grounds, exterior noise, lighting, graffiti removal,
technological infrastructure, temperature control, interior color scheme, student density,
site acreage, and availability and condition of science laboratory facilities. Analysis of
prior research allowed the researcher to identify pertinent items used to determine
building condition. In every case, at least one research study had shown the items to be
positively related to student learning in the classroom (Earthman, Cash & Van Berkum,
1995).

Building Age
School buildings are part of a community’s infrastructure, usually lasting for many
generations (21st Century School Fund, 2002). The relationship of school building age
and student performance is an indirect relationship because school building age is a
measure of the cumulative effects of thermal, acoustical, visual and aesthetic
environments that have been documented to be significantly related to student
performance (Chan, 1979). Chan found that school building age was significantly related
to the composite, mathematics and vocabulary scores on the Iowa Test of Basic Skills
(1979). Earthman noted that age often is a reliable indicator that the building condition is
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poor (2004). By age 40, most buildings start deteriorating rapidly, even if all original
equipment is replaced (Lyons, 2001). While several authors have found evidence to
support the relationship between building age and student performance, others have not
seen the same result. Schneider (2002) found that building age is an amorphous concept
and should not itself be used as an indicator of a facility’s impact on student performance.
While not specifically finding support for building age, Lair (2003) realized that her
study would have been enhanced had a question been included in the survey regarding
the specific date the building was placed into service and the specific dates renovation
and updates were performed at the school.
Building age is not only a factor in terms of wear and tear as it relates to student
performance. Aged facilities and students with special needs do not mix (Holt & Smith,
2002). In addition, older buildings typically do not have the infrastructure needed to
support computer networks and the accompanying need for electrical capacity. In one
study, the independent facility variable “building age” had the strongest relationship with
student performance (O’Neill & Oates, 2000). Stevenson (2001) found that the age of the
facility had an impact on the rating of the physical condition of the facility. This result is
especially significant to this study as it included South Carolina schools. Stevenson found
that the average age of school facilities of participating schools in the study was thirtyfive years.
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Natural Lighting
Student performance is adversely affected by problems with lighting, often a result of the
design and condition of the school (21st Century School Fund, 2002). In an effort to reach
the proper level of light needed, the addition of windows is one option, allowing more
natural light to enter the room (Ayers, 1999). Windows provide light, air, and a view of
the outside environment, and school window design should strive to create a balance
among the factors that enhance the emotional and physical well being of its inhabitants
(Cervantes, 1999). Natural light has a profound effect on our body and mind; it affects
our circadian rhythm – the natural regulating biological system of the body, which
governs all activities, and it can alter our mood and is a major source of vitamin D,
required for strong bones and healthy teeth (Lyons, 2001). Recently there has been
renewed interest in increasing natural daylight in school buildings (Schneider, 2002).
Lemaster’s (1997) synthesis of fifty-three studies pertaining to school facilities, student
performance, and student behavior reports that daylight fosters higher student
performance. Schneider (2002) found that the effect of day lighting remained both
positive and significant in his study. While there has been recent support for the inclusion
of natural lighting in instructional spaces, it should be noted that Weinstein (1979) found
that the presence or absence of windows had virtually no affect on student performance.

Flooring Material
Installation of carpet has been found to be a positive factor in controlling noise caused by
footsteps, and acoustical materials placed in strategic areas throughout the classroom

19

diffuse sound created by those who are conversing (Bowers & Burkett, 1987). Chan
(1980) noted that the presence of carpet, which affected the noise level in a classroom,
had a positive impact on student performance. Lyons (2001) indicated that the presence
of hard flooring materials generally led to poor acoustical properties. Noise in classrooms
often makes children struggle to hear and concentrate, defeating the learning process
before it can begin. Classrooms must limit background noise, carefully manage
reverberation of sounds, and keep outdoor noise to a minimum. (Lyons, 2001). In an
early meta-analysis of research through 1979, Weinstein found that noise may interfere
with communication; if so, students may be unable to hear the teacher and, consequently,
miss essential instruction (1979).

Roofing
The roof of any building is one of the most critical structural devices completing the
barrier between people on the inside and the elements outside. All buildings have roofs,
windows, doors and mechanical systems that need replacement at the end of their useful
lives (21st Century School Fund, 2006). Many buildings have problems with roofing,
among other subsystems (Ayers, 1999). Earthman (1996) stressed the importance of
proper maintenance of the roof and other subsystems to keeping a building in good
condition, noting that poor roof condition can cause rapid deterioration of other building
systems. Left unrepaired, roof leaks can lead to significant structural damage and can also
cause significant cosmetic damage through stained ceilings, peeling paint, and damaged
floors (Lanham, 1999).
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Extra-Curricular Facilities
Schools are being called upon to be open to the local community before and after school
and throughout the year for child-care and enrichment programs, recreational use, adult
education classes, performance space, and public meetings. (21st Century School Fund,
2002). Hines (1996) noted that the presence of extracurricular facilities led to improved
student scores. Since extra-curricular activities often take place outside the school
building proper, the physical condition and general appearance of school facilities
constitute the basis upon which many patrons make their initial judgments about the
quality of the school and the education program (Yielding, 1994). How might a football
player from a school that has no funding to replace the cracked bleachers in their home
stadium feel when they travel across town to play in a stadium that would please a small
college’s athletic boosters? The intimidation and feelings of inadequacy must be strong.
Students in lower income school districts were likely to have construction dollars spent
on basic building renovations (mechanical systems, etc.), while students in more affluent
districts were likely to see additions such as performing arts centers and expanded
athletic facilities (21st Century School Fund, 2006). Inadequate school facilities may
result in alienated students, low staff morale, high rates of teacher attrition, inability to
provide specialized curricula, reduced learning time, distractions from learning, reduced
ability to meet special needs, lack of technological proficiency, health problems for staff
and students, safety hazards, and less supervision of student behavior (21st Century
School Fund, 2002). Guy (2001) also found that the failure to maintain a facility could
affect staff morale, student attitudes, and the community.
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Locker Condition
While seemingly a small factor in terms of such grand structural concerns as roofs and
walls, locker condition actually was found to be a significant factor in student
performance in several studies. A locker is often the only measure of personal privacy
that a student may have at school, thus increasing its significance as a variable impacting
student performance. Higher performance was associated with schools with better locker
conditions (Cash, 1993). Earthman, et al. (1995) found that locker condition had a
significant impact on student scores. Hines (1996) also recognized a statistical
significance when examining the relationship between locker condition and student
achievement.

Ceiling Material
Lanham (1999) found the vast majority of ceilings in participating schools (87.5 %) were
acoustical tile. Since these tiles are often installed during renovation and do have certain
noise control properties, ceiling type may be a proxy variable for renovation or noise
control. Earthman et al. (1995) also found a statistically significant relationship between
the type of ceiling material used in instructional areas and the level of student
performance.

Condition of Classroom Furniture
Higher performance was associated with schools with classroom furniture in better
condition (Cash, 1993). Lowe (1990) reported that teachers cited the condition of
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classroom equipment and furnishings as one of the most important factors affecting
learning. Hines (1996) also reported significance between the condition of furniture and
student performance. Conversely, Weinstein (1979) found in her meta-analysis of
research that the aesthetic appeal and arrangement of classroom furniture did not
significantly impact student performance.

Condition of Grounds
The external appearance of the school facility, including whether entrances and walkways
were sheltered from the sun and inclement weather, building materials, landscaping, and
the condition of external paint were all correlated with various measures of student
performance (O’Neill and Oates, 2000). Landscaping should highlight the artistic and
aesthetic qualities of a site making it attractive (Yielding, 1994). Pupils, parents and
visitors see the school grounds before entering the buildings, which can lead to
impressions being formed even prior to people entering the school (Ayers, 1999).
Earthman et al. (1995) and Hines (1996) also found a relationship between the condition
of grounds and student performance.

Exterior Noise
Acoustics are an important piece of the school design puzzle, but there is still a lack of
understanding about how different acoustical conditions affect various sub-groups in the
population (Bosch, 2003). Schools with less noisy external environments tended to have
higher levels of student performance (Cash, 1993). Earthman twice noted that acoustics
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have an affect on student performance. In 1996, he found that the level of noise must be
extreme to have an affect on learning. In 2004, he again found a significant relationship
between acoustical control and student performance. Weinstein (1979) agreed, noting that
noise often makes children struggle to hear and concentrate, defeating the learning
process before it begins. Noise may interfere with communication; if so, students may be
unable to hear the teacher and, consequently, miss essential instruction. Classrooms must
limit background noise, carefully manage reverberation of sounds, and keep outdoor
noise to a minimum (Lyons, 2001). O’Neill and Oates (2000) cited the importance of the
building layout and amount of insulation in preventing disturbances resulting from
exterior noise.

Lighting
Classroom lighting plays a critical role in student performance because of the
physiological and psychological effects that are dependent on it. Causes of eyestrain
include glare, adjustment to conflicting levels of brightness, prolonged tasks such as
computer use, and poor visibility. Glare, inadequate illumination, too much color contrast
and improper maintenance of fixtures lead to lower-than-average student performance
such as misinterpretation of the written word, whether on a handout or at the chalkboard
(Bowers & Burkett, 1987). A spectrum of reflectivity that begins with a darker floor and
progresses to a highly reflective ceiling creates an environment in which school tasks can
be performed comfortably (Ayers, 1999). Rouk (1997) found that children who attended
classes with full spectrum lighting had better attendance and had superior academic
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performance. When considering lighting in the classroom there are two factors to
consider, namely the quantity of light measured in foot-candles (fc) and the quality of
light, usually either incandescent or fluorescent (Earthman, 2004). 150-200 fc of lighting
can reverse feelings of lethargy and depression and keep students alert (Ayers, 1999).
Earthman (1998) noted that good lighting quality and proper foot-candles were positively
related to increases in student performance. Environmental scientists, according to
Hughes (1981), found that improvement in the quality of indoor lighting has a direct
benefit in increased school productivity and alertness for students and teachers.

Graffiti
Higher performance was associated with schools with less graffiti (Cash, 1993). Schools
experience an elevated degree of wear and tear and vandalism than other public buildings
(Syverson, 2005). Earthman et al. (1995) found that expedient removal of graffiti had a
significant impact on the level of student performance. Hines, (1996) in his study of
urban Virginia high schools, also found a positive relationship between the amount of
graffiti and student performance.

Technological Infrastructure
There is little argument as to the profound impact technology has had on public education
over the past several decades. Emphasis is being placed on the technological needs of
students and schools at a rapid pace. Kelly (2004) noted that new schools are being
planned with computers in mind in every classroom. Dickson and Segars (1999) add that
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newly constructed or renovated buildings often contain technology that allows for ease of
use in the physical classroom as well as the extended classroom. Heafner (2002) found
that teachers identified technology as a highly important factor in their instructional
practices. Judson (2006) discussed the common uses of technology by teachers and
students, including record keeping, planning, communication, research, analysis, and
presentation. Sufficient [network] bandwidth, reliable equipment, sufficient storage
capacity, and a complete wiring network are critical for quality education using
technology. Heafner (2002) found that teachers cited technology as a means for faster
retrieval of information, access to a greater wealth of information, and a means for
providing real-life experiences to students. Clearly, the need for an efficient computer
network is significant in educating students in today’s public schools.
In 1996, a study by the United States General Accounting Office (GAO) found
that $10 to $15 billion was needed to wire schools for technological requirements for the
coming turn of the century. Many old schools must be retrofitted for new technology and
new teaching strategies (Holt & Smith, 2002). Certain technology characteristics,
including network connections and Internet access would also be included as classroom
characteristics (Lanham, 1999). Older schools often lack the flexibility needed for
innovative programming, and their physical structure often limits their adaptability for
instructional technology (Lanham, 1999). Today’s teachers, with their roles as coaches,
facilitators, and mentors, need phones and computer workstations for planning activities
(O’Neill & Oates, 2000). The Internet provides a wealth of instructional resources for
classrooms in many divisions, and both students and teachers lacking this resource may

26

find themselves at a growing disadvantage (Lanham, 1999). Stevenson reported that
teachers lose valuable class time trying to reset electrical outlets tripped by too many
computers operating at the same time (2001).

Temperature and Ventilation
Almost every researcher examining the relationship between the quality of school
facilities and student performance examined the effects of air quality and condition. We
are in a time where air of an adequate temperature and quality is an expectation, rather
than a luxury. Ortiz (2002) reported that humidity of approximately sixty percent and a
temperature of around seventy-two degrees Fahrenheit provided for a comfortable
environment for learning. As early as 1982, when air-conditioning was still a luxury in
many schools, McGuffey concluded that heating and air conditioning systems appeared
to be very important. Earthman (2004) found that temperature regulation and indoor air
quality (IAQ) had the greatest impact on student performance. Through the installation of
air-conditioning equipment, those within the school environment will perform at a higher
academic level (Bowers & Burkett, 1987). Higher performance was associated with
schools with at least some air conditioning in instructional spaces (Cash, 1993). Climate
control is an important factor in creating an effective environment conducive for teaching
and learning (Cervantes, 1999). Lanham (1999) found that improving certain building
conditions, particularly air-conditioning systems, can improve student performance.
Antiquated heating systems that leave the schools both too hot in the summer and
too cold in the winter are the rule, rather than the exception. Inadequate ventilation and
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poor air quality in school buildings can trigger allergies or asthma related illnesses in
students and staff (21st Century School Fund, 2002). Exhausting air from areas where
kilns, photography developing, science labs, welding shops, or duplicating centers is
essential to good air quality (Guy, 2001). Unless adequate ventilation is provided, indoor
air can become polluted with microorganisms including bacteria, viruses, fungi, and
molds, organic compounds from sources such as aerosol sprays, carpet backing, foam in
furniture cushions, particle board, insulation, cleaning agents, photocopiers and a whole
host of substances brought in on the bodies of occupants (Guy, 2001).
A good ventilation system is an effective means of keeping both toxic and
nuisance materials out of the air (Lyons, 2001). Many older buildings, including schools,
have air-handling systems and controls that deliver less fresh air than now is considered
adequate (Schneider, 2002). Temperature and humidity affect IAQ in many ways,
perhaps most significantly because their levels can promote or inhibit the presence of
bacteria and mold. Evidence is accumulating to support the notion that occupants of a
classroom without good ventilation cannot function normally and cannot learn at their
full capacity. The purpose of ventilating classrooms and school buildings, at minimum, is
to remove or otherwise dilute contaminants that can build up inside. Asthma is among the
leading causes of absenteeism in American schools, and one can assume that improved
ventilation can bring about less asthma, better school attendance, and improved academic
performance (Schneider, 2002). Air filtration provided by heating and cooling systems is
an effective means of ventilation (Yielding, 1994).
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Outdated systems for air-conditioning and heating often result in maintenance
delays and problems due to a lack of available parts for the system and the scarcity of
skilled labor to replace them (Lair, 2003). Inadequate maintenance and the fact that many
schools’ heating, ventilation and air-conditioning (HVAC) systems are simply inefficient
and outdated are causes for problems. Students tire and lose concentration as classroom
temperatures climb because of inadequate air conditioning (Stevenson, 2001).

Interior Color Scheme
Students can be affected positively or adversely due to visual, acoustical and thermal
characteristics purposely or inadvertently built into the classroom environment (Bowers
& Burkett, 1987). Brubaker (1998) indicated that the main teaching wall should be an
accent color. Students’ concentration will be improved when the background recedes in
neutral color with uniform brightness ratios for the floor, furniture and equipment (Ayers,
1999). Earthman (1994) and Lemasters (1996) also found that the color of interior
painting has an impact on student performance. Students in schools with painted pastel
walls had a higher performance level than those with white walls in instructional areas
(Cash, 1993). Cervantes (1999) added that specific colors have the physiological effect of
being warm, cool stimulating or relaxing. Buildings or classrooms facing the north should
be painted warmer colors (Guy, 2001).
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Science Laboratory Facilities
Higher performance was associated with schools with better science laboratory
equipment (Cash, 1993). Earthman (2004) also found that secondary science laboratory
condition was a significant criteria for school building adequacy.

Plant Maintenance
Deferred maintenance can create an environment of peeling paint, crumbling plaster,
nonfunctioning toilets, poor lighting, inadequate ventilation, and inoperative heating and
cooling systems (Lair, 2003). Well-maintained and equipped facilities send a message to
parents and teachers indicating that there are high expectations for students, that
education is a community priority, and that there is concern for the educational process
(Lanham, 1999). Plant maintainability is the aspect of the building that relates to the
preservation and durability of the condition of the total building structure (Cervantes,
1999). Old buildings with broken windows, faded, peeling paint, dingy dark halls, dusty
wooden floors, desks with knife-scarred tops, and expanded metal covered windows are
poor stimulators of incidental learning (Cramer, 1976). Proper maintenance can keep a
building in good repair and poor maintenance can cause a building to rapidly deteriorate
(Earthman, 1996).
The condition of a school building is the result of efforts on the part of the school
maintenance and operations staff (Earthman, Cash & Van Berkum, 1995). It is a source
of pride when the school is an attractive, well-kept facility and is seen as a reflection of
the importance leaders place on education and a reflection of the priority the community
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places as well (Guy, 2001). If the faculty and staff maintain the facility poorly, then
students may assume that low demands will be made of them (Hines, 1996). Building
conditions that reflected no large monetary expenditure, such as regular sweeping and
mopping, were accompanied by improved student scores (Hines, 1996).
Solutions proposed to overhaul the educational system disregard and in some
cases completely abandon the pressing day-to-day operational needs and physical
comfort of teachers and students, forcing them to implement educational reforms in
dilapidated, over or under-heated, environmentally toxic, poorly furnished, unsupplied
classrooms (Lackney, 1994). The frequency of floor sweeping may represent overall
cleanliness of the learning environment (Lanham, 1999). Principals believed that a clean
and well-maintained environment made it easier for students to take pride in their work,
their school and their own learning (O’Neill & Oates, 2000). Traditionally, public schools
have not been given the money needed to keep up on school repairs and maintenance
(Syverson, 2005). Educational facilities that are poorly maintained, poorly designed, or
environmentally unsound are inadequate (21st Century School Fund, 2002). Ayers (1999)
also found a relationship between building maintenance and student performance. A
student may assume the faculty and staff of a well-maintained building will expect and
demand a higher standard of behavior and performance. The building condition is a
product of the maintenance and custodial staff, if not initially, then certainly as it
weathers time (Cash, 1993).
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Additional Concerns for Public Schools
Many issues facing public school buildings today in terms of technology and safety were
not prevalent as recently as 1993. The Internet was in its infancy, and issues surrounding
school safety and security were not of great concern. In light of the recent interest in
these two areas, research concerning these issues has been evaluated to gain a better
perspective as to the nature of the importance of technology and school safety and
security with regard to student achievement.

Technology
There is little argument as to the profound effect technology has had on public education
over the past several decades. Emphasis is being placed on the technological needs of
students and schools at a rapid pace. Kelly (2004) noted that new schools are being
planned with computers in mind in every classroom. Dickson and Segars (1999) added
that newly constructed or renovated buildings often contain technology that allows for
ease of use in the physical classroom as well as the extended classroom. Heafner (2002)
found that teachers identified technology as a highly important factor in their
instructional practices. Judson (2006) discussed the common uses of technology by
teachers and students, including record keeping, planning, communication, research,
analysis, and presentation. The importance of sufficient [network] bandwidth, reliable
equipment, sufficient storage capacity, and a complete wiring network are critical for
quality education using technology. Heafner (2002) found that teachers cited technology
as a means for faster retrieval of information, access to a greater wealth of information,
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and a means for providing real-life experiences to students. Clearly the need for an
efficient computer network is significant in educating students in today’s public schools.

School Safety and Supervision
Kano, et al (2007) noted the importance of communications in the event of a school crisis
or emergency. The study found that many schools used a bell system and two-way radios
to communicate effectively during an emergency situation. Currently, many of the
systems involved in school communication are integrated (the bell, phone system and
intercom are often one in the same). Effective communication systems are paramount to a
safe school environment. Schools also must have an effective plan in place to handle fires
and other emergencies. Fire alarm systems should be inspected regularly to ensure proper
operation in an emergency (White, 2007). Lake discussed the importance of locking
devices on doors that are inspected regularly and work properly to allow an expedient
escape when necessary. In addition, assembly areas such as cafeterias and auditoriums
must be accessed easily and quickly allow for people to exit quickly in an emergency,
else risk severe injury or death (1999). White (2007) commented on the need for an
architectural design with proper egress paths. Using such a design can lead to faster
evacuation times.
Another critical issue with regard to school safety lies in the realm of supervision
of students. An effective supervision plan is necessary to ensure that students are not in
places that promote suspicious activity. Dufresne (2005) commented that schools must be
designed to minimize supervision concerns from the outset. The statement is correct.
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Twenty to thirty years ago, concerns over intruders were minor, if they existed at all. In
this current age of concerns created by events such as those at Columbine High School in
1999, knowing where students are at all times and what they are doing is critical in
effective school operation.

School Security
School security is another issue facing schools today. Issues such as controlled ingress
and egress, a secure and monitored building entrance, and controlled access throughout
the building are concerns to any public education administrator. Sorrentino (2005)
highlighted the need for schools to have in place the latest in security technology to
provide the best environment for learning. Fickes (2000) discussed the need for schools
to monitor student movement within the building, as well as any suspicious activity, with
a system of security cameras and recording equipment. Another key component includes
the use of access control readers or other devices to control the ingress and egress of
faculty, staff and students during the day. Egress after school hours is controlled via the
same system, and notes the time that a person exits the facility. Knowing when an
uninvited visitor is in the building can lead to action being taken to remove a potential
threat to the safety of students, faculty and staff.

South Carolina Public High School Facilities
There were 209 public high schools in operation in South Carolina at the beginning of the
2007-08 school year. Eighty-five school districts across the state house these high
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schools. High schools included in this study are those that house students in at least
grades nine through twelve. Several schools included in the study house students in the
tenth through twelfth grades only. Schools must include grade ten, as this is the grade in
which the HSAP examination is first administered. A 1996 study of schools across the
nation found that in South Carolina, 24.6 percent of schools reported problems with
inadequate HVAC systems; 24.0 percent reported inadequate electrical service to
buildings; 22.2 percent reported artificial lighting inadequacies; 13.9 percent reported
issues with life safety equipment; 27.6 percent reported inadequate roofs; 24.3 percent
reported inadequacies with exterior walls, finishes, windows and doors; 26.0 percent
reported inadequacies with interior finishes; and 28.2 percent reported inadequate
plumbing (GAO, 1996). Public school buildings in South Carolina are in need of a
detailed study to ascertain building condition.

Meta-Analysis of Studies Using the CAPE
The following section will examine in detail studies that have used the CAPE instrument
in its original or a revised form. The intent of this analysis is to highlight key points and
examine differences in studies, in an effort to improve the results of this study.

Theoretical Model
Since the development of the Commonwealth Assessment of Physical Environment,
several studies have been completed using this instrument, most with some type of
modification as a result of additional research. Cash (1993) developed a theoretical model

35

based on her findings, presented below. Each study represented here uses this same
theoretical model as a guide for research.

Figure 1. Cash’s Original Model

The model is based upon the construct that the condition of the building influences how
students learn in a school building (Earthman, et al, 1995). The model illustrates that the
primary factors affecting the condition of the building are school staff. School
leadership, including both the school board and school district personnel, are ultimately
responsible for developing the philosophy towards buildings and grounds in the school
district. After the initial construction of the building, this same body must decide the
importance of the maintenance of the building, which is illustrated by the amount of
funding provided, both in terms of personnel available for maintenance as well as
supplies and equipment (Cash, 1993). The condition of the building then has both a direct
and indirect affect on student performance and student behavior. The direct link may be
related to climate control, illumination, acoustics, or density, while the indirect affects are
more related through attitude, and are seen through building cleanliness and maintenance
(Cash, 1993). Lemasters (1997) in her analysis of literature exploring the relationship of
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school facilities and student performance since 1980, suggested a revision to Cash’s
theoretical model (Figure 3.) based on the findings of Cash and Hines (1996), which
concluded that both structural and cosmetic building items both affect student behavior
and performance and should be considered separately in evaluating building condition.

Figure 2. Lemaster’s Revised Model

Research Questions and Populations
The basic research question posed by each researcher in their studies incorporates an
examination of the relationship between student performance and the condition of the
school building facility (Cash, 1993; Earthman, et al, 1995; Hines, 1996; Lair, 2003;
Lanham, 1999; Syverson, 2005). Examining these studies in further detail provides
details as to the differences in each study. Cash (1993) framed her research question to
also include student behavior as a dependent variable. She studied rural high schools in
the state of Virginia, defined by size of the senior class (less than 100 students) and
location in relation to major metropolitan areas. Cash (1993) eventually included a total
of 43 schools in the study. Earthman, et al (1995) studied all of the high schools in the
state of North Dakota. Using the same research question as Cash, a total of 120 schools
participated in this study. Hines (1996) completed a third study using the same research
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question. In his study, however, the population consisted of urban high schools in
Virginia. Sixty-six schools out of eighty-eight schools invited participated in the study.
Lanham (1999) was the first researcher to deviate substantially from the previous
methodology. While he asked the same research question, his population for study
included 197 elementary schools in Virginia, based on survey returns of a random sample
of 300 schools. Lair (2003) extended the research of Cash, Earthman, and Lanham by
studying one school district in Texas. Syverson (2005) conducted a study of Indiana high
schools in which a sample of 50 schools participated. Syverson randomly selected a
sample for his study by listing all schools in the identified population and selecting every
tenth school as a member of the sample.

Statistical Analyses
Cash (1993) utilized analysis of covariance (ANCOVA) to compare the adjusted school
mean score and the ratings of school buildings. She compared each of the mean
achievement test scores, as well as the total composite score, across each of the three
building condition ratings. Cash used socioeconomic status (SES) as a covariate to allow
for adjustment due to SES. Finally, Cash utilized regression analysis to compare the
achievement score means to the age of the school buildings included in the study.
Similarly, Hines (1996) utilized ANCOVA to compare adjusted mean
achievement scores to the building ratings derived from the CAPE. He controlled SES
through the use of a measure of SES as a covariate. Hines also chose to run CAPE data in
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two different sets, based on the school district, to determine if schools perceived as being
more affluent by the public had different results.
Lanham (1999) was the first researcher to examine the structure of the CAPE
instrument using principal components factor analysis. The underlying purpose of this
analysis was to determine any common factors that exist between items included in the
survey. Lanham analyzed all factors with an eigenvalue greater than one. Lanham found
thirteen factors with an eigenvalue greater than one, including an age/size factor, an
overall condition factor, a technology/furniture factor, a paint factor, a ceiling/lunch
factor, a renovation/site size factor, a noise control/TV access factor, a windows factor, a
structural factor, an electrical outlets/room structure factor, a trailer factor, a
mopping/shampooing factor, and a sweeping/vacuuming factor.
Lanham then completed a statistical analysis using Pearson’s product moment
correlation matrix and multiple regression. Lanham used an alpha coefficient of .05, as
“this significance has been used throughout most studies in this field” (p. 76).
Earthman, Cash and VanBerkum (1995) did not use any means of statistical
analysis in their study of North Dakota high schools. The researchers simply adjusted the
mean scale scores for SES and then compared the adjusted scores to each other based on
the rating of each school building.
Lair (2003), in her mixed methods study of Texas schools, conducted multiple
regression and backwards multiple regression to study descriptive statistics as well as
examine the variance that could be attributed to predictor variables such as building age
and SES.
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Syverson (2005) conducted his data analysis using the Spearman coefficient to
compare achievement scores with building condition. Syverson also chose an alpha level
of .05.

Findings
The findings among all six studies were similar, however each did have some differences,
primarily based on variables chosen. Each study lends support to the hypothesis that the
condition of the school facility has an impact on student performance and student
behavior. Since this researcher is focusing on student performance, the findings regarding
behavior will not be discussed.
Cash found higher student performance in schools with at least some air
conditioning in instructional spaces, less graffiti, better lockers, better science lab
equipment, classroom furniture in better condition, schools with pastel colored walls, and
schools with less noisy environments (Cash, 1993). She concluded, “student performance
was found [sic.] to be higher in those buildings with higher quality ratings”(p.77), and
also noted that higher student performance scores were associated with schools with
higher cosmetic building condition ratings. Cash also noted that facilities with higher
quality science equipment tended to have higher levels of student performance (Cash,
1993).
Earthman, Cash, & Van Berkum (1995) had similar findings in their study of
North Dakota public high schools. Since the CAPE was slightly modified for this study,
some results are slightly different. The Comprehensive Test of Basic Skills is the chosen
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measure of assessment for North Dakota schools, and therefore provides additional
subtests that were not available in Virginia. Earthman, Cash & Van Berkum found that
the percentile rank scores on eleven of the thirteen subtests for grade eleven students
were higher for those attending school in an above standard facility, when compared to
overall building condition. When cosmetic building condition was compared to student
performance, students in above standard schools scored higher in twelve of the thirteen
subtests. Students in above standard buildings only scored higher in eight of the subtests
when their performance compared to structural building items, while students in
substandard buildings scored higher on four of the subtests. When the total test battery
was measured across all three building categories, the range of difference was plus one to
seven percentile points.
In addition, this study also supported the findings of Cash with regard to science
facilities. Students in schools with newer science equipment and all three utilities (gas,
water, and electricity) available scored from four to six percentile points higher
(Earthman, Cash & Van Berkum, 1995). When examining each building condition item
on the assessment, increases in total battery scores were noted in relation to the number
of windows in classrooms, floor type, heat control, roof condition, availability of adjacent
facilities, locker condition, ceiling condition, age of science lab equipment, lighting,
interior paint scheme, interior paint cycle, exterior paint cycle, mopping, graffiti removal,
and condition of grounds (Earthman, Cash & Van Berkum, 1995).
Hines’ (1996) findings also support those of Cash and Earthman. Hines’ student
performance variable data came from the same performance test used by Cash (Test of
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Academic Proficiency), and he found an increase in every subtest score as results were
compared across all three building conditions. Increases in percentile ranks from
substandard to above standard building ratings ranged from a low of nine percentile ranks
to a high of seventeen percentile ranks. When comparing cosmetic building condition
scores, the range of increase in percentile ranks from lower rated buildings to upper rated
buildings went from zero to six percentile ranks. When structural building ratings were
considered, an increase was seen in every subtest except sources of information, which
declined by one percentile point. The range of increase for the other subtests was from
five to nine percentile ranks.
When the responses to questions regarding science facilities were compared to
performance test scores, Hines noted an increase of eight percentile ranks for above
standard schools having all utilities and an overall increase of one percentile rank for
those schools having updated their science equipment less than five years ago. It is
important to note that schools having science equipment updated between five and ten
years ago did record a drop in scale score (201.05 to 197.80) when compared to their
substandard counterparts whose science equipment had not been replaced in at least ten
years. When examining individual building assessment items and their relationship to
performance scores, Hines (1996) found that “higher performance scores were associated
with newer buildings, more windows, carpeting…the presence of air conditioning…more
recent exterior painting…schools with more extracurricular facilities nearby…schools
that were mopped more frequently…expedient graffiti removal…better locker
conditions…better classroom furniture, and grounds in better condition” (p.77-78).
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Lanham studied elementary schools in Virginia and as a result made several
modifications to the CAPE. He eliminated questions relating specifically to high school,
such as those related to science labs and athletic playing fields. He also separated items
related strictly to overall school complex from those related to classroom factors. In
addition, Lanham added questions related to the facility’s technology infrastructure.
Lanham found that ceiling type, air conditioning, site size, room structure, frequency of
floor mopping and frequency of sweeping were factors contributing to the variance in
performance for third grade students. When performance of fifth grade students was
compared to building conditions, Lanham found that classroom connection to a wide-area
network, ceiling type, overall building maintenance, floor type and air conditioning
accounted for a percentage of the variance in test scores. Lanham also notes that
increasing the air conditioning rating by one point at each level would account for a 3.1
to 8.6 point gain in performance test score. An increase in sweeping ratings by one point
would increase third grade English assessment scores by as many as 26.4 points.
Lair conducted a mixed methods study of one school district in Texas. She found
that the age of the building affected performance test scores, accounting for as much as
42.5% of the variance in test scores. Lair also notes that when looking at disadvantaged
students, “building age and maintenance taken together are significantly predictive of
performance and explain 63% of the variability in the TAAS (Texas Assessment of
Academic Skills) scores” (p. 178). The results of this study parallel those of Lanham,
who also found that school size was found to be a significant predictor of student
performance. Lair also found that building age and school size, taken together, were a
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strong predictor of student performance, accounting for as much as 4.0% of the
variability. This contradicts previous studies by Chan (1980), Edwards (1991), Cash
(1993), Earthman, Cash, and VanBerkum (1995), Hines (1996), and Lanham (1999) who
found “building age to have a negative influence on student performance”(p. 180).
Syverson, in his 2005 study of Indiana High Schools, also found support for the
hypothesis that school building condition affects student performance. Syverson used the
Spearman Correlation Coefficient make his determination (Syverson, 2005). Syverson
did not measure the effects of each individual item on the CAPE with student
performance scores, thus making the findings of this study somewhat less useful in
comparison to other studies and the development of the current study.

Limitations
Each of the studies presented here acknowledged limitations that could affect various
aspects of the study. Cash (1993) noted several questions in the CAPE that caused
concern as the study progressed. First, question four, regarding heat control in
instructional spaces, was not clear. The question regarding air condition also led to
interpretation concerns, as it did not provide enough clarity. The questions regarding
paint condition and cycle added little to the study, since information could be considered
completely unrelated to building condition. The question regarding athletic facilities
specifically asked for a football stadium, which left some respondents confused as to how
to interpret a football field. The question regarding lighting also led to some confusion
for respondents, as some did not understand the difference between hot and cold
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fluorescent lighting. The population size is also noted as a limitation because of a lack of
variance for some questions. These concerns are also noted by Hines (1996) and Lanham
(1999), who made changes to several questions to clarify their purpose. Lanham also
made several changes to the CAPE to accommodate its use as an assessment tool for the
elementary school level, however, the changes related to technology will be included in
the current study as technology has become such an important factor in schools since
Cash developed the original CAPE. Cash (1993) also noted several additional limitations
to her study. Local district personnel are required to complete the survey instrument,
which could provide a limited level of objectivity. Hines (1996) also commented on the
objectivity of answers suggesting the reflection of “personal biases” (p.14). Syverson
(2005) also echoed this concern. In addition, Cash (1993) noted that it is nearly
impossible to identify every variable that could affect student performance, which could
result in a large error variance. Earthman (1995), Hines (1996) and Syverson (2005)
agreed with this assertion. Cash (1993) also noted that the delimiting of the population
somewhat limits the generalizability of results. Hines (1996) also discussed the limitation
of the specific location of his study and the lack of ability to generalize results beyond
urban high schools. Lair (2003) added, “while the information gleaned from this
investigation is noteworthy and informative, generalizations should be avoided” (p. 15).
Syverson reinforced this concern noting that since his study included only Indiana high
schools, results cannot be applied to all high schools (Syverson, 2005). Syverson
identified two other limitations in his study, noting that his use of Microsoft Excel instead
of SPSS resulted in the lack of an exact significance level; and the total number of
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respondents completing the survey he mailed was lower than expected (Syverson, 2005).
Each researcher also acknowledged that the largest contributing factor to student
performance is socioeconomic status, reflecting the need to control for this variable in
some way in the study (Cash, 1993; Earthman, 1995; Hines, 1996; Lair, 2003, Lanham,
1999; Syverson, 2005).

Suggestions for Further Study
Each researcher in studies using the CAPE or some modification of it made certain
recommendations for future study based on their findings and related research. Syverson
(2005) suggested a study using the CAPE but with a team of researchers visiting sites to
complete the survey instrument to increase inter-rater reliability. Lair (2003) suggested
investigation of districts across Texas and other states to investigate the effects facilities
have on student performance. She acknowledges the changes that would have to made in
the study since no national assessment for student performance is in use. Lanham (1999)
goes as far as to recommend a replication of this study on a national level to determine if
the same types of relationships exist that were found in the Virginia studies but also
acknowledges the lack of a standard national performance assessment. Hines (1996)
recommended an in-depth comparison of students’ attitudes at schools meeting the above
standard condition and substandard condition. Hines also suggests performing the study
looking at a larger population. Lemasters (1997) recommended replication of studies that
have followed a “defensible methodology and protocol” to develop a more convincing
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database (p. 200). She also suggested the need to replicate these studies in various
climates, at varying grade levels, and in different geographic locations.

Summary
In light of the previous research conducted examining the relationships between the
condition of school facilities and student performance, it is with justification that this
study be undertaken in South Carolina. The research examined stressed the need for
locales nationwide to undertake an exhaustive study of their current facility conditions
and seek to understand the effects they are having on student performance. As in the
studies examined here, it is expected that public high schools in South Carolina will share
some of the same findings with those studies undertaken in other states.
The result of the literature review is the generation of a research hypothesis that
will guide the remainder of the study. The hypothesis suggests that student performance
in South Carolina high schools will be related to aspects of school facility condition. The
null hypothesis states that there will be no relationship between student performance and
the condition of the school facility.
A secondary hypothesis will focus on the specific building conditions that are
related to student performance. The hypothesis asserts that a series of latent factors will
emerge that are directly related to student performance. The null hypothesis states that no
latent factors will emerge as a result of analysis.
As noted in the studies examined in the review of literature, the data gathering
instruments used in these studies exhibited fairly strong validity and reliability
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characteristics; however, the data analysis procedures utilized were somewhat weak. As a
result, this researcher proposes a three-phase data analysis procedure including an
exploratory factor analysis, confirmatory factor analysis, and structural equation
modeling. Structural equation modeling, while related to regression in concept, is noted
to be a more robust procedure with specific guidelines that must be followed. The
procedure will be explained in complete detail in Chapter Three.
While some of the limitations discussed in previous literature are also included in
this study, the researcher hopes that the robustness of the analysis procedure will provide
a strong basis for suture research and an effort to create a study that can be replicated in
other areas with similar findings.
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CHAPTER 3
METHODS

The purpose of this study was to examine the relationship between the condition of
school facilities and student achievement as measured on the High School Assessment
Program (HSAP). The literature reviewed for this study provided a substantial foundation
from which to conduct this study.

The Sample
Based on the study conducted by Hines (1996) on urban high schools in Virginia, this
study utilized a modified version of the Commonwealth Assessment of Physical
Environment (CAPE) developed by Cash (1993). The CAPE instrument has been used in
several studies, including Cash’s study of rural Virginia high schools (1993); Cash,
Earthman, and Van Berkum’s study of North Dakota high schools (1995); Hines’ study
of urban Virginia high schools (1996); Lanham’s study of Virginia elementary schools
(1999), and Syverson’s study of Indiana high schools (2005).
All public high schools in South Carolina were chosen as the sample for this
study. Public high schools were defined as having a traditional high school format that
includes the tenth grade. Schools that house students who have been incarcerated, or
those that are attended by students in a non-traditional format, such as the South Carolina
Governor’s Schools, were excluded from this study. The South Carolina Department of
Education Office of School Facilities provided data regarding school size in square feet
and the dates for original construction and renovation. Since this data was necessary for
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analysis, the schools invited to participate in the study were based on the number of
schools for which data was received from the Office of School Facilities. The researcher
excluded the school where he serves as principal in the data analysis. After receiving the
data from the Office of School Facilities, a total of 195 schools were invited to participate
in the study, Cash (1993), Hines (1996), Lanham (1999), and Syverson (2005) chose a
sample much smaller than the number of schools invited to participate in this study. It is
not clear in all cases as to why smaller sample sizes were chosen. Syverson, for example,
chose one-tenth of the population using a random choice of every tenth school when all
schools were listed alphabetically. Only the study by Cash, Earthman, and Van Berkum
(1995) utilized the entire population of North Dakota high schools as a sample size. This
study utilized as many schools as possible to gain a better understanding of the
relationship between student performance and school facility condition in all geographic
regions of South Carolina.

Dependent Variables
Dependent variables for this study included a measure of student performance, which
consisted of scale scores on the High School Assessment Program, the standardized test
that all second-year high school students in South Carolina must pass in order to earn a
South Carolina High School Diploma. The scores used included ELA and math, averaged
for each participating school in the sample. The HSAP test is administered to all secondyear high school students in the spring of each year. The data listed above were
requested from the South Carolina Department of Education (SDE), as it was not
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available in published form. Socio-economic status (SES) was used as a control variable
in the data analysis to illuminate the amount of variance in test scores that can be
attributed to facility conditions. Socio-economic data were gathered from the Office of
Research and Statistics website. SES is represented by the variable PPOV, known as
“percent poverty,” which determines the “schools like ours” category on the South
Carolina Education Report Card. This category is used as a tool in the report card process
to allow parents and others to make comparisons to schools with similar socioeconomic
backgrounds. The indicator uses a measure of the number of students eligible of free and
reduced lunch as well as a measure of the students eligible for Medicare, as some
students do not complete the required forms as a result of fear or embarrassment. Data
collection from SDE and ed.sc.gov occurred in November 2007.

HSAP Assessment Description
The South Carolina Department of Education administers the High School Assessment
Program (HSAP) to all current second-year high school students across the state. The
test meets the requirement of the South Carolina Education Accountability Act of 1998
that each public school student pass an exit examination to receive a South Carolina high
school diploma. The assessment also measures academic achievement in accordance
with the No Child Left Behind Act (NCLB) (High School Assessment Program, 2006).
The High School Assessment Program is designed to measure academic standards
included in the South Carolina Curriculum Standards for English language arts and
mathematics used in classroom instruction, and taught through grade 10. The English
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language arts portion of the assessment consists of an extended-response writing item,
constructed-response items, and multiple-choice questions. It is administered over a twoday period of unlimited time. The mathematics portion of the assessment is a one-day,
unlimited-time test consisting of three extended-response questions that require students
to show their work, as well as multiple-choice questions (High School Assessment
Program, 2006).
The HSAP is administered in the fall and spring of each year, however only the
spring administration is counted towards a school’s meeting the criteria for Adequate
Yearly Progress, as required by No Child Left Behind. For the purposes of this research,
only the results for the spring 2007 administration of the test were used.
Special needs students in some of the schools in the survey may not have
participated in the HSAP program, as they meet certain criteria that allow them to take a
different assessment. These students were not included in this study, as the scoring for the
alternate assessment is not compatible with the scoring for HSAP.
A study completed in 2006 by Yoon, Suh and Thornton analyzed the reliability
and validity of the HSAP testing program. The study found that the Cronbach alpha
coefficient of reliability of the mathematics portion of the test for all students was 0.94,
with a standard error of measurement of 3.42. The English language arts portion of the
test has a reliability coefficient for all students of 0.95 with a standard error of
measurement of 3.27. The study measured item validity on three different levels. First,
item distribution across strands was measured according to the relationship to identified
standards. Second, various committees, in conjunction with SDE, developed test
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questions that correlated to state curriculum standards. Third, test items were reviewed
for bias and differential item functioning: language that might disadvantage a group, be
offensive to members of a particular group, or present obstacles to a group due to factors
unrelated to content and processes specified in the standards (Yoon et al, 2006). The SDE
ultimately accepted the results of the report, thus lending support to the overall accuracy
of measure of student achievement in South Carolina.
Scores for the spring 2007 administration of HSAP were obtained from the South
Carolina Department of Education Office of Assessment. The process of receiving data is
fairly involved, requiring researchers to complete a comprehensive information packet
explaining the nature of the study as well as requiring security measures to protect
sensitive data.
All student scores from the spring 2007 test administration were obtained. The
test was administered on April 24, 25, and 26 2007, with a makeup test window from
April 27 through May 4, 2007. Total scores for each student were averaged to create a
composite score for each school.

Independent Variables
The independent variable data for this study consisted of responses made by school
principals to the questions on the South Carolina School Building Assessment, a survey
that was based on the modified Commonwealth Assessment of Physical Condition
(CAPE). Cash developed the CAPE for her study of the relationships between student
achievement and behavior and the condition of rural high schools in the Commonwealth
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of Virginia. Cash reviewed several facility assessment instruments and devised her own
instrument to meet the needs of the study (Cash, 1993).
Factors included by Cash in the CAPE include lighting, acoustics, climate control,
color, density, science laboratory quality, and aesthetics, in addition to questions
regarding cleanliness of the building and routine maintenance. Results of the assessment
categorized buildings into one of three levels of building condition, substandard,
standard, or above standard. Personnel in the Virginia Beach City Public School system
field-tested the CAPE. The test personnel were familiar with the assessment of school
facilities. The study was sent by these facility personnel to various public schools in the
Virginia Beach public school system in an effort to establish and enhance reliability. The
eight Virginia Beach area high schools included in the field test had scores that proved
consistent with expected outcomes. Following the field test, the researcher tested for
inter-rater reliability by performing the assessment on five of the eight high schools in the
field test herself, finding similar ratings at each facility (Cash, 1993).
The CAPE is divided into two groups of items, one consisting of items used to
provide a structural building condition rating, and the other consisting of items used to
provide a cosmetic building condition rating. As with the overall building condition
rating, the items on the CAPE identified as measuring cosmetic building condition will be
averaged to create a cosmetic building condition rating for each school, and items
measuring structural building conditions will likewise be averaged to create a structural
building condition for each school. According to Hines (1996), structural issues are often
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more costly than cosmetic issues, and separating the two factors allows school
administrators to readily identify needs on which they can act.
Hines (1996) revised several of the questions in the CAPE instrument to make
them more applicable to an urban setting or to provide clarity. A question from Cash’s
questionnaire that asked whether heat was evenly dispersed throughout the instructional
area was modified to inquire simply whether each room had an individual heat control. A
question relating to air conditioning was revised to ask whether the instructional area was
air-conditioned. A question that addressed a schedule of interior and exterior painting
were eliminated because it was felt they did little to enhance the study. Finally, one
question asked only about the type of lighting in the instructional areas, fluorescent or
incandescent, eliminating the question regarding the hot or cold nature of the lighting
(Hines, 1996). As Hines’ revision of the instrument is the most updated version of the
CAPE, the researcher asked for permission to use Dr. Hines’ revised instrument as the
basis for this study. Dr. Hines graciously agreed, requesting a copy of the results from the
completed study.
There is little argument as to the profound effect technology has had on public
education over the past several decades. Emphasis is being placed on the technological
needs of students and schools at a rapid pace. Kelly (2004) noted that new schools are
being planned with computers in mind in every classroom. Dickson and Segars (1999)
added that newly constructed or renovated buildings often contain technology that allows
for ease of use in the physical classroom as well as the extended classroom.
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Heafner (2002) found that teachers identified technology as a highly important
factor in their instructional practices. Judson (2006) discussed the common uses of
technology by teachers and students, including record keeping, planning, communication,
research, analysis, and presentation. The importance of sufficient [network] bandwidth,
reliable equipment, sufficient storage capacity, and a complete wiring network are critical
for quality education using technology. Heafner (2002) found that teachers cited
technology as a means for faster retrieval of information, access to a greater wealth of
information, and a means for providing real-life experiences to students. Clearly the need
for an efficient computer network is significant in educating students in today’s public
schools.
In light of the increase in the use of technology in the classroom for instructional
as well as research purposes, several questions have been added to the survey instrument
used in the current study. The intent of these questions was to ascertain the availability of
the Internet in instructional areas and the adequacy of the number of computers in each
classroom. In addition, the current study examined the effects of instructional technology,
such as Smartboards and LCD projectors, on student performance.
School safety has also become a major concern in light of recent tragic events that
have changed school climates across the country. Unfortunately, violence in schools has
become a norm, resulting in the premature death and injury of a number of students,
faculty and staff from grade school through high school and at the college level. As a
result of these concerns, I chose to include questions regarding the safety of schools as a
part of the revised survey instrument.
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Non-crime school safety issues received attention of late, with many states
updating fire and building codes on a yearly basis to ensure a safe environment for
learning. With this in mind, a question was added regarding the building’s compliance
with the latest fire code and safety revisions. For example, a building constructed in 1983
would have had to have met the 1983 requirements, but may not have been extensively
updated to 2007 standards, since buildings are grandfathered in from year to year, unless
major renovations are carried out.

Development of the South Carolina School Building Assessment
The dissertation committee, after review of the preliminary survey instrument based
heavily on the CAPE as revised by Hines (1996), noted concerns regarding the validity
and reliability of the instrument as it stood. Several questions were noted as having
multiple meanings, for example, asking both the attractiveness and working condition of
furniture. These questions were noted as being impossible to answer in an objective
manner with a simple choice of responses.
As a result of discussion and conferencing with committee members, the survey
was extensively revised. The revisions added considerable strength to the instrument. The
first set of questions required either a written response or selection of one or more
multiple choice answers. This section remained similar to the original CAPE instrument.
Questions included those relating to the ceiling type and floor type of the building, as
well as questions relating to athletic facilities. Two additional questions regarding the
adequacy in terms of size and adequacy in terms of functionality were included.

57

The second portion of the survey asked principals to agree or disagree with a
statement regarding their school on a six point Likert scale. The use of the Likert
assessment allowed questions to be divided into single statements, and it facilitated ease
of response by the principals. The use of the Likert instrument also facilitated ease of
coding, and alleviated possible errors that could occur from multiple-choice answers
having a different number of possible responses. The six-point Likert scale was chosen to
force respondents to make a choice and eliminate neutrality.
This section was the most extensively revised of the instrument in terms of
question content. As noted, several questions in the original survey were written in a form
that could not be clearly answered. One question inquired as to the condition of
classroom furniture. One of the possible answer choices included a reference to both the
functionality and satisfactory appearance of the furniture. This is not a strong survey
item, because the answer can be interpreted in two ways. The solution involved dividing
questions such as this into two questions, each addressing a particular concern.
Other questions improved in this manner included those related to HVAC control
and adequacy, the condition and attractiveness of interior and exterior paint, the condition
and attractiveness of grounds.
The Office of School Facilities (OSF) also participated in the revisions of the
survey items. The staff felt as though the inclusion of questions regarding school safety
were of the utmost importance in helping prepare a database of school information that is
not currently available. The OSF typically focuses its efforts on the design of new
schools and renovation plans, and as a result is interested in code adherence.
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The final component of the survey instrument included two open-ended responses
which allow principals to include information that they feel may be pertinent to their
building but may not have been asked in the survey, as well as allowing for additional
comments by principals. Responses to these questions were included in the findings as
supplemental comments, and this data was not analyzed as part of the study proper. It
was reasonable to expect future research questions to be created from these responses.

Survey Administration
One hundred ninety-five (195) public high schools across the state of South Carolina
were invited to participate in this study. Schools that opened in the fall of 2007 were not
included in the survey, as there will be no HSAP scores from the spring 2007
administration of the assessment. The researcher consulted with and obtained the support
of the Office of School Facilities of the State Department of Education for this study. The
staff assisted in the writing of the cover letter that accompanied the survey. As a result,
the office will be given a copy of the results from the study. A presentation of the results
of the study to members of the State Department of Education was planned.
The packet of information including the assessment instrument and detailed
instructions was mailed in October 2007. School addresses were obtained from the South
Carolina Department of Education Website on October 15, 2007. Respondents were
asked to return the completed instrument by November 15, 2007. Based on the number
of respondents who replied to the initial contact, an additional contact was made by the

59

researcher to encourage participation. A pre-addressed, stamped envelope for the return
of the instrument was included with the survey.
Pending receipt of survey materials by November 15, 2007, an email was sent to
principals who had not returned survey information. Stevenson completed a similar study
of all South Carolina public schools in 2001, using Palmetto Achievement Challenge Test
(PACT) and Scholastic Aptitude Test (SAT) data as a measure of student achievement.
Out of approximately 1100 schools invited to participate in the study, 626 chose to
participate, a rate of return of approximately 57 percent. As a result of the support given
by the Office of School Facilities, the expectation was to achieve a higher rate of return
for this study.
As a result of the collaboration with the Office of School Facilities, it was
determined that some data originally asked for in the survey was readily available. The
Office of School Facilities provided the original construction dates and
addition/renovation dates for every school, as well as the total square footage for each
facility. As a result, these questions were removed from the survey instrument. The total
number of schools invited to participate in the study (195) was determined based on the
availability of this data.

Data Analysis
As noted in Chapter Two, previous research utilizing the CAPE instrument used
somewhat simple analytical techniques leading to a weak methodology. The methods
used in this study included a statistical analysis that provided stronger results, and more
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detailed information to the existing body of knowledge. To accomplish this, three
multivariate analyses were performed.
First, the researcher developed a new model of school facility condition using an
exploratory factor analysis procedure in SPSS. Confirmatory factor analysis was then
used to test the hypothesis that the model extracted in the exploratory procedure was
indeed a model of best fit.
Structural Equation Modeling (SEM) was used in the third analysis to determine
the best fitting model incorporating the latent factors identified in the confirmatory
analysis alongside student performance data and socio-economic indicators. SEM will
test the primary and secondary hypotheses for this study, presented in Chapter Two. The
primary hypothesis suggested that student performance in South Carolina high schools
will be related to aspects of school facility condition. The null hypothesis stated that there
will be no relationship between student performance and the condition of the school
facility. The secondary hypothesis focused on the specific building conditions that were
related to student performance. The hypothesis asserted that a series of latent factors
emerged that were directly related to student performance. The null hypothesis stated that
no latent factors emerged as a result of analysis.
SEM is a statistical method that utilizes a series of graphical representations as
well as a theoretical model to test hypotheses (Byrne, 2001). SEM was chosen in part
because of its robustness as well as its confirmatory nature. In early studies using the
CAPE, the statistical methods chosen (primarily ANCOVA), led to results based on the
grouping of school categories such as the two primary condition ratings (structural and
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cosmetic). Using SEM allowed a more detailed study of the variables introduced by the
CAPE (and modified for this study).
The SEM procedure groups multiple variables, such as test or survey items, into
what are known as latent variables and examines relationships among those latent
variables (Byrne, 2001). The latent variables used in this study are linked to each survey
item in the assessment. Lanham (1999) performed a factor analysis of items in the CAPE
to determine relationships that existed between variables. The use of SEM in this study
allowed for latent factors to be created, but allowed these latent factors to be
simultaneously analyzed alongside observed variables, such as SES, resulting in a
stronger study. In addition, SEM allows for the use of error terms to be included in the
model analysis, unlike general linear model analyses in which observations are assumed
to be free from error.
Byrne (2001) describes two forms of SEM: the recursive full latent variable
model, and the nonrecursive full latent variable model. The recursive model specifies the
direction of causality from one direction only, which is the nature of this particular study.
The nonrecursive model allows for feedback effects between variables, which are not
considered necessary for this study.
The SEM procedure utilized in this study was analyzed using the AMOS 16
software package. Arbuckle and Worthke (as cited in Byrne, 2001) developed the AMOS
package, which is now in its seventh generation. The AMOS software, which
incorporates a thorough statistical analysis in a simple, easy to use package, will provide
a solid basis for the analysis of the statistical model proposed by the researcher
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Generalization of Results
Since the test measuring student achievement is only given to students in the state of
South Carolina, the results of this study are applicable only to students within South
Carolina. There is no national norm reference for the HSAP test that would allow data to
be compared to other students in other states. The same issue applied to other studies
comparing results using the CAPE and a measure of student achievement; however, each
researcher recommended the replication of the study to increase the body of knowledge
and provide support to the Cash’s original theory linking student achievement to the
condition of the school facility.

63

CHAPTER 4
FINDINGS

Chapter Four, reports the results of three separate, but linked, analyses used to explore
the effect of the condition of school facilities on student outcomes. Data regarding the
size of schools, the original year of construction and the year of the final addition were
provided by the Office of School Facilities of the South Carolina Department of
Education. Data regarding the condition of school facilities were responses to the South
Carolina School Building Assessment; and the Office of Assessment of the South
Carolina Department of Education provided data concerning student performance. Socioeconomic status indicators for each participating school were downloaded from the State
Department of Education website in the form of the Poverty Index, used to compare
schools on the South Carolina Education Report Card.
The first of the three linked analyses was an exploratory factor analysis
procedure, which was used to develop a set of latent factors in an effort to create a model
of school building quality. Following the exploratory procedure, a confirmatory factor
analysis procedure was used to test the hypothesis that the model created in the
exploratory procedure was in fact the best-fitting model according to the data provided.
Finally, the latent factors were analyzed in tandem with indicators of student performance
to determine a measure of goodness of fit for the model presented, as well as to examine
the depth of the hypothesized relationship. In the SEM procedure, a measure of socioeconomic status is included to control for its outside effects on the model.
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The original deadline for principals to return the survey was November 15, 2007.
As of that date, 113 surveys had been returned. The 113 valid surveys that were returned
accounted for a 57.9% response rate. In an effort to increase the response rate, principals
received a follow-up email encouraging them to respond, based on the original list of
schools invited to participate. The email can be found in Appendix V. After the final
deadline of November 30, 2007, 14 additional surveys were received, bringing the total to
127 (65.1%). One of the surveys was missing the cover page, and, as a result, could not
be linked to a school. Two surveys were returned because of insufficient address
information. One additional survey was missing so much information that it was deemed
unusable. The total number of surveys used in this study was 123.
Survey respondents were mapped to determine the geographic locations
represented. Responding schools represented a variety of geographic areas of the state,
from the mountains to the coastline. Varying areas of economic conditions and
demographic patterns were represented. As one would expect, respondent return patterns
followed the patterns of school construction in more densely populated areas, where more
schools are located to meet the needs of a larger population. A relatively large number of
surveys were returned from schools located along the Interstate 95 corridor, commonly
known as the “Corridor of Shame.” This area of South Carolina includes some of the
most economically challenged school districts. Due to impact of socio-economic status
on student performance, the effect of this factor on the outcomes of this study were noted
and discussed in Chapter Five. The map of survey respondents is presented in Appendix
VI.
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The Office of Research and Statistics of the State Department of Education
provided student performance data in November 2007. The data came in the form of a
text file on CD-ROM, and contained the BEDS code (school identification number),
English/language arts and mathematics scale scores, and lunch status for each student
who participated in the spring 2007 HSAP administration across the state.
Following the collection of data from the Office of School Facilities at the South
Carolina State Department of Education (SDE), responses were input into Microsoft
Excel as a means of organization and storage. A complete listing of indicator variables
for the study can be found in Table 1. The South Carolina School Building Assessment
consists of a 60-item questionnaire completed by building principals. Questions one
through eleven asked general questions regarding the school building and its design and
construction. The second section of the instrument asked principals to agree or disagree
with statements concerning their building using a six-point Likert scale with responses
including “Completely Disagree,” Mostly Disagree,” “Somewhat Disagree,” “Somewhat
Agree,” “Mostly Agree,” or “Completely Agree.” The six point Likert scale was chosen
in lieu of an odd-numbered response pattern to avoid a neutral data point and force
respondents to make a choice, regardless of how slight in either direction.
The final section of the instrument provided open-ended opportunities for principals to
add any additional information that was not addressed in the survey. Responses to these
questions were not included in the study, as the data did not add any value to the study.
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Table 1. Indicator variables used in this study
Variable

Description

ORIGDESIGN
FLOORING
WALLCOLOR
CEILING
AVAILATH
FUNCATH
SIZEATH
ACREAGE
TOTCLASS
PERMCLASS
MOBILES
ROOFLEAK
ELECSVC
OUTNOISE
NATLIGHT
ADQHEAT
CTLHEAT
ADQAC
CTLAC
ARTLIGHT
LGTCLEAN
DEEPCLEAN
CLSELECT
SCHNTWK
DSTNTWK
CCTV
ETV
CLSCOMP
INSTTECH
CLSINTERNET
FURNREPAIR
FURNATTRA
SCITUIL
SCIEQUIP
LOCKERS
GRNDMAINT
GRNDATTRA
CLSMTGSPC
INTPAINTATT
INTPAINTCND
EXTPAINTATT
EXTPAINTCND
ADASTDS
ELECTSECUR

The original design of the school building (elementary, middle, high)
The predominant type of flooring in instructional areas.
The predominant color of walls in instructional areas.
The predominant type of ceiling in instructional areas.
The availability of athletic facilities.
The functionality of athletic facilities.
The adequacy of size of athletic facilties.
The total site acreage of the school grounds.
The total number of classrooms in the school.
The total number of classrooms in permanent structures.
The total number of mobile classrooms.
The visibility of roof leaks in the building.
The adequacy of electrical service to the building.
The susceptibility to outside noise from instructional areas.
The adequacy of outside (natural) light.
The adequacy of heat in instructional areas.
The controllability of heat in instructional areas.
The adequacy of air-conditioning in instructional areas.
The controllability of air-conditioning in instructional areas.
The adequacy of artificial lighting in instructional areas.
The adequacy of light cleaning (sweeping, mopping).
The adequacy of deep cleaning (carpet cleaning, waxing).
The adequacy of electrical outlets in classroom spaces.
The adequacy of the school-wide network.
The adequacy of the connection to the district-wide network.
The availability of closed-circuit television in classrooms.
The availability of ETV service in classrooms.
The adequacy of the number of computers in classrooms for students.
The availability of instructional technology (LCD projectors, etc.)
The availability of internet access for instructional use.
The state of repair of classroom furniture.
The attractiveness of classroom furniture.
The adequacy of utilities (gas, electricity, water) in science labs.
The adequacy of equipment (glassware, microscopes) in science labs.
The adequacy of locker working condition.
The adequacy of grounds maintenance.
The attractiveness of the school grounds.
Classes that meet in areas not originally designed for instruction.
The attractiveness of interior paint.
The condition of interior paint.
The attractiveness of exterior paint.
The condition of exterior paint.
The building meets the latest ADA standards.
The building is electronically secured after-hours.

67

Table 1. Indicator variables used in this study (Continued)
Variable

Description

SAFETYSTDS
SECURCNTL
COMMUNICA
ENTRANCE
EXTDOORS
HLWYSUPV
GATHRNGAREAS
HALLSIZE
CAFEMVMT
CAFESEATING
MEDIASUPV
AUDWAITING
AUDSEATING
OVLSTRUC
OVLCOSMETIC
OVLMAINT
ORIGYR
ADDYR
SQFTG

The building meets the latest safety standards (fire protection, etc.)
The building has adequate controls for security.
The building features adequate communications with classrooms.
The building has a secure entrance for visitors.
The building has secured exterior doors.
Hallways allow for ease of supervision of students.
Gathering areas are visible from multiple vantage points.
Hallways are sufficiently sized for student movement.
The cafeteria layout allows for ease of student movement.
The cafeteria has adequate seating to minimize lunch periods.
Media center shelving permits visual supervision of students.
Auditorium layout permits ease of ingress/egress with minimal wait time.
Auditorium seats sufficient numbers of student groups.
Overall adequacy of the building structure.
Overall condition of the building from a cosmetic standpoint.
Overall maintenance of the building (light bulb replacement, etc.)
The original year of construction (by decade).
The latest addition to the building (by decade).
The total square footage of the building.

The Office of School Facilities of the South Carolina Department of Education
provided data for school size in square feet and the original dates of construction and
additions/renovations in October 2007. School construction dates were coded by decade:
“1” for schools built or renovated during 2000-07; “2” for schools built or renovated
between 1990 and 1999; “3” for schools built or renovated between 1980 and 1989; “4”
for schools built or renovated between 1970 and 1979; “5” for schools built or renovated
between 1960 and 1969; “6” for schools built between 1950 and 1959; and “7” for
schools built or renovated prior to 1950. School square footage was entered as the
reported number in square feet.
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Following the coding of data, SPSS (v16.0) was used to begin the analysis of
data. A set of descriptive statistics was calculated on the entire data set to gather
information regarding the range of data in each variable, the mean, and standard
deviation. Z-scores were calculated for each variable and examined the calculations to
find outliers in the data and correct any coding errors that may have occurred. One coding
error was found and corrected.
Following the initial analysis, frequency statistics were computed for each
variable in the data set. The frequencies were examined for any discrepancies, and
variables of significant interest are noted in the discussion below. The frequency statistics
for each variable are summarized in Appendix VII.

HSAP Assessment Data
Data provided by the Office of Assessment were received as a text file and were
converted into a spreadsheet format using Microsoft Excel. This data included the BEDS
code of the school, which was used to link student performance data with facility
condition data (the South Carolina School Building Assessment), the individual scale
English/language arts and mathematics scores for each student on the spring 2007
administration of the High School Assessment Program (HSAP), and individual student
lunch status, which was not utilized in the study (Data regarding SES was retrieved from
another source). Student performance scores and SES were examined at the school rather
than the individual level. A mean English/language arts and mean math score were
computed for each BEDS code (i.e. School) included as a participant in the study.
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Individual English/language arts scale scores ranged from 105 to 320, with an average
individual score of 227.471 (standard deviation was 22.15). Average English/language
arts scale scores for schools ranged from 206.418 to 256.376, with an average school
mean of 226.215 (SD=7.41). Individual math scale scores ranged from 100 to 320, with
an average individual score of 223.549 (SD=28.67). Average math scores for schools
ranged from 197.882 to 267.523, with an average school mean of 222.395 (SD=9.43). A
“passing” scale score for HSAP is 200 on each subject.

Socio-economic Status
Socio-economic status for all South Carolina schools is available on the Internet at the
South Carolina Department of Education website (ed.sc.gov). The data is presented in the
form of a percent poverty variable (PPOV), which is used to compare school performance
on the annual South Carolina Education Report Card. The PPOV is a grouping variable
based on a combination of the percentage of students in a school eligible for Medicare
benefits and the percentage of students participating in the free and reduced lunch
program. The state has confirmed the validity of this variable “based on its strong
correlation with student outcome measures.” (Accountability Manual, p. 60), thus PPOV
is used as the proxy for SES in this study. Medicaid information was included as an
indicator of poverty since some “schools and pockets of the population where families
and individual students are resistant to applying for free or reduced-price meals” and may
not be accurately represented if free/reduced meals were used alone (Accountability
Manual, p.60). Higher PPOV values indicate a higher level of poverty.
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The PPOV index of schools included in the study ranged from a high of 95.97%
to a low of 13.55%. The mean index was 59.54% and the median index value was
59.81%. The mode index value was 53.37%. Standard deviation of the PPOV index was
19.51.

Exploratory Factor Analysis
A factor analysis was performed using SPSS (v.16.0) to explore the possible latent
variables that may evolve from the questions on the South Carolina School Building
Assessment. The exploratory procedure resulted in a hypothesis that could be tested using
confirmatory factor analysis.
Listwise exclusion would normally be used to exclude respondents who omitted
any data used in the analysis. However, due to the large number of respondents who may
have failed to respond to one or more questions, a mean score for each variable was
computed and used in place of missing data.
Several survey questions were included for descriptive purposes only and were
not included in the analysis of the data. These items were generally reported as whole
numbers. Data for these variables was not available for every school included in the
study, leading to a listwise exclusion concern described previously. Since these items
were whole numbers and tended to vary across a much larger range than the Likert items,
they were not included in the analysis. These items included school size in square
footage, site size in acreage, the original year of construction, the last year of addition and
number of classrooms (total, permanent and mobile).
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Forty-one schools responded that they had no auditorium facility or otherwise left
the item blank. As a result, survey items regarding auditorium-seating capacity and
ingress and egress from the auditorium were excluded from analysis.
After review of the frequency analysis of the survey items, two items relating to
the original design and the type of ceiling in the facility included responses with a high
frequency of the same survey response, resulting in a very small variance. 88.2% of
respondents indicated their school was built as a high school, and 95.9% indicated their
school had a suspended ceiling. As a result, these variables were excluded from analysis.
The setup for the exploratory factor analysis in SPSS included the following
options. SPSS computed univariate descriptives to ensure that the analysis-N figure was
correct for each survey item. Coefficients and their significance levels were also
computed to examine the nature of correlations between indicators and remove variables
with high correlations. Determinants were computed to be able to ensure that the value
was greater than .00005. Bartlett’s Test of Sphericity was computed to ensure that the
null hypothesis indicating an identity matrix could be rejected, and the Kaiser-MeyerOlkin statistic was computed to ensure that the number of samples included in the data
set were adequate. The anti-image correlation matrix was computed to ensure that the
measures of sampling adequacy for each indicator was greater than 0.500, indicating that
the given item comes from the same universe as the other items.
Principal Components Analysis (PCA) was chosen as the method of extraction for
this study. As is standard practice, Eigenvalues over 1.0 were extracted. The Direct
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Oblimin rotation was chosen, as this is one of the most common methods to use when
performing an oblique rotation, which allows correlation of factors.
Several analyses were conducted using the factor procedure to determine a
suitable solution. The item analysis provided revealed several problems in the data, for
example, the correlation between variables IntPaintAtt and IntPaintCnd was noted at
0.908, indicating multicollinearity. A similar condition existed between variables
ExtPaintAtt and ExtPaintCnd (0.953). From a visual standpoint, it would be easier to
ascertain the attractiveness of painting than the structural condition, so the condition
indicators were removed from further analysis.
In examining the significance of the initial correlations, the variables Flooring and
Wallcolor exhibited a high level of significance with each other. These values suggest a
potential concern. This problem was verified when the Anti-Image Correlation matrix
was examined. The Measures of Sampling Adequacy (MSA) statistic for Flooring was
0.295, and for Wallcolor was 0.317, and the variables were removed from future
analyses.
After a second analysis, initial correlations were examined a second time and a
new high correlation of 0.936 between the variables CtlHeat and CtlAC was observed.
The CtlHeat variable was removed from the subsequent analysis, regarding heat as more
of an assumed factor in public schools in South Carolina. Some schools may not have air
conditioning, so the variance of the indicators related to air-conditioning may be of
greater significance to the study. The literature also supports the continuation of the study
with indicators relating to air conditioning remaining intact. In addition, a high
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significance among correlations for the variables OutNoise and ElectSecur was noted.
These variables were removed from subsequent analyses.
After another analysis, the variable ClsMtgSpc included very low correlations
with other variables in the correlation matrix, as well as a high significance. Although the
MSA was higher for ClsMtgSpc than others, the variable was excluded from future data
analysis.
SPSS provided Scree plots, or plots of eigenvalues. Discontinuities in the
curvature of this plot provided clues that helped identify the number of useful factors in
the data. There were two distinct discontinuities in the Scree plot for the school data
when analyzed. One shift occurred after the fifth factor, and a second after the ninth
factor. Consequently, a five-factor and nine-factor solution were analyzed further to
determine which was the best solution. Both models were taken into the confirmatory
stage of analysis and both models are presented in detail.
The first result of the factor analysis procedure included the extraction of five
total factors with Eigenvalues greater than 1.0. These factors explained a total of
60.800% of the variance in the procedure. The Analysis-N figure for the procedure was
123, indicating all data points were used in the analysis. The overall determinant in the
analysis was 5.57E-017, which is obviously smaller than the recommended value of
.00005, however, the model ran completely; thus the value is presented and analysis
continued. The Kaiser-Meyer-Olkin measure of sampling adequacy was .867 and the
measures of sampling adequacy coefficients were greater than 0.741, thus suggesting that
all items measured the same universe of items. Bartlett’s Test of Sphericity returned a
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significance of .000, allowing rejection of the null hypothesis that the correlation matrix
is an identity matrix. Communalities ranged from 0.367 to 0.800, with most were in the
range of 0.5 to 0.7, thus suggesting a relatively small N is needed for this dataset (the N
of 123 for this sample is likely adequate). There was a 36.0% non-redundant residual
reported from the reproduced correlations matrix (no greater than 35% is recommended,
but 36% is within the acceptable range). Rotated factor scores of 0.400 or higher were
regarded as important for interpretive purposes, thus this cutoff was used in the naming
of the latent variables. Selected tables of the output of the five-factor solution are
presented in Appendix IX.
The following factors emerged (loading coefficients are shown in parenthesis):
SAFETY AND SECURITY, which included the indicator variables ExtDoors (0.812),
CafeSeating (0.772), GathrngAreas (0.749), Entrance (0.724), HallSize (0.701),
CafeMvmt (0.663), HlwySupv (0.621), Communica (0.526) and SecurCntl (0.470). The
second factor was named MAINTENANCE/GROUNDS and included the indicator
variables GrndMaint (-0.797), DeepClean (-0.747), IntPaintAtt (-0.717), GrndAttra (0.704), LgtClean (-0.669), ExtPaintAtt (-0.596), FurnAttra (-0.576), FurnRepair (-0.553),
and RoofLeak (0.424). The third factor was named TECHNOLOGY and included the
indicator variables DstNtwk (0.750), ClsInternet (0.713), SciEquip (0.649), SchNtwk
(0.621), SciUtil (0.576), ClsComp (0.483), Cctv (0.470), ADAStds (0.439) and InstTech
(0.431). The fourth factor was named ATHLETICS and included the indicator variables
FuncAth (0.890), AvailAth (0.878), SizeAth (0.864) and SafetyStds (0.423). The final
factor to emerge was named HVAC/ELECTRICAL and included the indicator variables
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AdqHeat (0.799), AdqAC (0.746), ArtLight (0.550), CtlAC (0.547), ElecSvc (0.543), Etv
(0.481), and MediaSupv (0.453).
The second solution of the factor analysis procedure included the extraction of
nine total factors with Eigenvalues greater than 1.0. These nine factors explained a total
of 72.752% of the variance in the procedure. Eight of the emergent factors contain
variables that cluster as the literature might suggest, while the ninth was difficult to
interpret, thus excluded. The eight included factors account for 69.786% of the variance
of the analysis. As before, the Analysis-N figure for the procedure was 123. The
determinant was 5.57E-017, the Kaiser-Meyer-Olkin measure of sampling adequacy was
0.867, and Bartlett’s Test of Sphericity returned a significance of .000, allowing rejection
of the null hypothesis that the correlation matrix is an identity matrix. All Measures of
Sampling Adequacy coefficients were greater than .741; and communalities were more
substantial than in the five-factor model, ranging from .493 to .864. There was a 19.0%
non-redundant residual reported from the reproduced correlations matrix. As with the
five-factor solution, within the rotated factor matrix, any variable having a score of .400
or higher was regarded as important, and was used in the naming of the latent variables.
Selected tables of the output of the eight-factor solution are presented in Appendix IX.
The following factors emerged (loading coefficients are shown in parenthesis):
FURNISHINGS AND EQUIPMENT, which included the variables SciEquip (0.791),
SciUtil (0.768), FurnRepair (0.575), FurnAttra (0.510), ClsComp (0.493), and InstTech
(0.487). The second emergent factor was CLEANING AND MAINTENANCE, which
included the observed variables LgtClean (-0.839), GrndMaint (-0.830), DeepClean (-
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0.810), GrndAttra (-0.752), IntPaintAtt (-0.521), ExtPaintAtt (-0.446), and RoofLeak
(0.425). The third emergent factor was TECHNOLOGY, which included the observed
variables Cctv (0.885), Etv (0.787) and DstNtwk (0.511).
The fourth factor to emerge was called ATHLETICS, and included the variables
FuncAth (0.911), AvailAth (0.900) and SizeAth (0.852). The fifth emergent latent factor
was called HVAC/LIGHT and included the variables AdqAC (0.835), AdqHeat (0.826),
CtlAC (0.790) and NatLight (0.505). . The sixth factor to emerge in the analysis was
called SECURITY and included the observed variables Entrance (0.804), ExtDoors
(0.777), HlwySupv (0.476) and GathrngAreas (0.456). The seventh factor to emerge was
called ADEQUACY OF SPACE. Variables loading on this factor included CafeSeating (0.761), CafeMvmt (-0.646) and HallSize (-0.410).
Finally, I chose to retain the ninth latent variable, called SAFETY, which included
the observed variables SafetyStds (-0.676), Communica (-0.648), SecurCntl (-0.582),
ADAStds (-0.515) and ClsInternet (-0.440). I chose not to include the eighth factor
extracted (of the nine total), as the observed variables loading onto this factor had
relatively low coefficients compared to the other latent variables, and I had no supporting
evidence of the relationships that could be based on the literature. Variables loading onto
this factor included MediaSupv (-0.532), SchNtwk (-0.514), Lockers (0.454), ArtLight (0.417) and ElecSvc (-0.416).
In Chapter 3, a hypothesis that the solution created in the exploratory procedure
would be tested using confirmatory factor analysis to confirm its goodness of fit with the
dataset was presented. As a result of the exploratory procedure, both models will be
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tested using the confirmatory procedure to ensure that both are good fits to the data. In
addition, a new hypothesis was created and will be tested as well:
H1: There will be a better fitting of the two solutions created in the
exploratory factor analysis procedure.
H0: The goodness of fit for the five-factor and eight-factor models will be
equivalent.
The hypotheses will be tested using Confirmatory Factor Analysis.

Confirmatory Factor Analysis
Two models (a five-factor and eight-factor model) were created in AMOS (v.16.0) based
on the findings from the exploratory factor analysis. Structural Equation Modeling (SEM)
protocol was followed with each model, taking each to the point of best fit, to determine
if the null hypothesis that there was no difference between the two models could be
rejected.
In Confirmatory Factor Analysis (CFA), latent variables, or factors, are created
from the observed variables in the survey; latent variables are synonymous with the
factors identified in the earlier EFA. The procedures then test the degree to which each
observed variable fits, or is a measure of, the associated latent variable.
CFA requires that one regression weight linking the observed indicators to the
latent factor be assigned a value of 1.0; the other regression weights are then calculated
relative to the assigned weight. Convention dictates that the indicator variable having the
highest loading weight in either the literature or the exploratory procedure be assigned
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the arbitrary value of 1.0. This convention was followed. If the highest loading indicator
variable was deleted as a result of lack of significance in the critical ratio or any other
measure described, then the next highest-loading indicator was used from that point
forward.
According to SEM conventions, several tests of significance were utilized to
make decisions as to the construct of latent factors within the model, i.e. which variables
“fit,” or fail to fit, the hypothesized model, whether certain variances or variables are
correlated. The first of these tests is the critical ratio (CR). For each measured or
observed variable, the CR should be greater than 1.96 (i.e., p <.05). Any indicator
variable not meeting this level of significance was deleted from the model.
Second, the standardized regression weights linking indicator variables to latent
variables should be greater than or equal to .70. As with the required significance of CR
values, any indicator variable failing to load at a value of .70 was removed from the
model. After these first two criteria are satisfied, AMOS provided a series of indices of
goodness-of-fit to assist researchers in creating the best model.
Based on the initial hypothesis test, it became apparent that the Chi-Square value
(CMIN) would tend to be very large in this process. CMIN has traditionally been used as
an overall measure of model fit, but, according to Garson (2008), the chi-square test may
be misleading and goodness of fit may be better examined through other tests. Garson
comments, “many researchers who use SEM believe that with a reasonable sample
size…and good approximate fit as indicated by other fit tests, the significance of the chisquare test may be discounted and that a significant chi-square is not a reason by itself to
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modify the model” (2008, p.10). Kline (in Garson, 2008) recommends at least four tests
for proper analysis. The following tests provided model fit data for this study: CFI,
RMSEA, TLI and SRMR. The comparative fit index (CFI) compared the existing model
fit with a null model hypothesizing no fit (the independence model). CFI was chosen
because of its resistance to the effects of sample size. In general, CFI should be equal to
or greater than .90 for the model to be accepted.
Root-mean square error of approximation (RMSEA) was chosen because it does
not require a null model for comparison. This provided a strong comparison with the CFI.
RMSEA values of less than .05 indicate a strong model fit, and values less than .08 are
generally considered acceptable. The Tucker-Lewis Index (TLI) also tends to be
independent of sample size concerns. The closer the TLI is to 1.0, the better fitting the
model. The TLI index should be relatively close in value to the CFI.
Finally, the standardized root mean square residual (SRMR) was chosen as an
analysis tool. SRMR is the average difference between predicted and observed variances
and covariances in the model, taken from standardized residuals. According to Garson
(2008), values of less than .05 are generally considered good fit and those below .08 are
considered adequate fit.
Analysis began with the five-factor model. In the first analysis, the model
returned a chi-square value of 1799.1. The CFI was 0.667. The TLI was 0.644. The
SRMR was 0.1455, and the RMSEA was 0.119. All of these indices indicated problems
of fit with the model. Upon further analysis, the following variables loaded at less than
the 0.70 minimum (standardized regression weights are shown in parentheses): RoofLeak
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0.255), LgtClean (0.592), GrndAtt (0.630), DeepClean (0.633), GrndMaint (0.569),
MediaSupv (0.665), Etv (0.558), ElecSvc (0.618), CtlAC (0.697), ArtLight (0.695),
SafetyStds (0.563), CafeSeating (0.695), Entrance (0.621), CafeMvmt (0.683),
Communica (0.666), SecurCntl (0.657), DstNtwk (0.572), ClsInternet (0.656), Cctv
(0.460) and ADAStds (0.636). The model was respecified without these variables.
Following the second analysis, the chi-square dropped to 276.217. The CFI was
0.904. The TLI rose to 0.889. The SRMR was 0.0693, and the RMSEA was 0.100. While
these values achieved relative strength, the estimates included two indicator variables
with low standardized regression weights: ExtDoors (0.627), and SchNtwk (0.626).
These indicators were subsequently removed from the model.
The next analysis yielded a chi-square of 219.731, indicating continued
improvement. The CFI for this analysis was 0.913. The TLI rose to 0.889. The SRMR
increased to 0.0693, and the RMSEA was reported at 0.105. Two more indicator
variables were noted with a low regression weight. InstTech (.642) and ClsComp (0.663)
were removed from the model.
The subsequent analysis yielded a chi-square of 139.8, a CFI of 0.944, a TLI of
0.924, a SRMR of 0.0505, and a RMSEA of 0.094. All of the estimates appeared strong
at this point, so the Modification Indices (MI) were examined. MIs describe the
approximate change in the Chi-Square value when the suggested correlation or causality
is specified in the model. CFA protocol suggests that the literature in the field be used as
a guide to model specification. The error terms for ExtPaintAtt and IntPaintAtt included a
strong modification index of 23.308 with a PAR value of 0.326. As these two indicators
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were survey items that had been split to remove the double standard in the CAPE, it was
deemed appropriate that the error terms be allowed to correlate with one another.
The subsequent analysis yielded a chi-square of 107.4. The CFI was 0.968, and
the TLI was 0.956. The SRMR was 0.0490, and the RMSEA was 0.072. Each of these
indices is a strong indicator of a good fitting model. Output yielded strong CR values as
well as strong standardized regression coefficients. The Modification Index indicated the
strongest relationship between the error term for ExtPaintAtt and the latent factor
HVAC/ELECTRICAL. The literature made no reference to a relationship between the
condition of exterior paint in school buildings and the indicator variables loading onto the
HVAC/ELECTRICAL factor, so this suggestion was not taken. The next strongest MI,
however, indicated a strong relationship between the error terms for FurnAttra and
GathrngAreas. Since furniture attractiveness may be important in the social environment
promoted in a student gathering area versus a classroom, the model was respecified with
a correlation added between these two error terms.
The subsequent analysis yielded a chi-square of 95.4. The CFI was 0.977, and the
TLI was 0.967. The SRMR was 0.0483, and the RMSEA was 0.062. Each of these
indices is a strong indicator of a good fitting model. Output yielded strong CR values as
well as strong standardized regression coefficients. The Modification Index yielded no
further suggestions for modification that could be supported by the literature. The
indicated model is well supported by the literature, and this iteration was deemed the best
fitting of the five-factor models. The null hypothesis that the five-factor model would not
be a strong fit with the provided data set could be rejected.
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Analysis now turned to the eight-factor model. In the first analysis, the model
returned a chi-square value of 1275.637. The CFI was 0.764. The TLI was 0.736. The
SRMR was 0.0865, and the RMSEA was 0.107. All of these indices indicated problems
with the model. The following variables loaded at less than the 0.70 minimum
(standardized regression weights are shown in parentheses): ClsComp (0.652), SciUtil
(0.695), SciEquip (0.694), DstNtwk (0.449), RoofLeak (-0.547), NatLight (0.468),
Entrance (0.637), ClsInternet (0.566), and InstTech (0.640). The model was respecified
without these variables.
In the subsequent analysis, a chi-square of 616.161 was returned. The CFI rose to
0.854, and the TLI rose to 0.825. The SRMR was 0.0664 and the RMSEA was 0.102.
The model was rejected as inadmissible, as the error term for Etv returned a negative
variance. Negative variance values in SEM typically result from a high correlation with
another variable. The high correlation existed between Etv and Cctv. While the
correlation is understood based on the questioning technique used in The South Carolina
School Building Assessment, the variables were nonetheless deleted, as they had not been
shown to be significant in the literature. As a result of deletion, this left the latent variable
TECHNOLOGY with no indicator variables, so it was deleted as well. The model was
respecified accordingly.
In the next analysis, the chi-square was 538.260. CFI was 0.858, and the TLI was
0.831. The SRMR value was 0.0663, and the RMSEA value was 0.104. All values were
still unacceptable, however the estimates detailed strong CR values. Low standardized
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regression coefficients were found between two indicator variables: ExtDoors (0.660)
and ADAStds (0.695). The model was respecified.
The next analysis yielded a chi-square of 445.411. The CFI rose to 0.871, and the
TLI to 0.842. The SRMR dropped to 0.0635, but the RMSEA rose to 0.106. All CR
values remained significant, and the standardized regression weights were strong. The
modification index suggested a strong relationship between the error terms for LgtClean
and DeepClean, with a Modification Index of 52.104 and a PAR of 0.681. The error
terms for these indicators were, consequently, allowed to correlate with one another.
The next analysis produced a chi-square of 381.950. The CFI rose to 0.903 and
the TLI rose to 0.880. The SRMR dropped to 0.0611 and the RMSEA dropped to 0.092.
All signs indicated progress, but not to an acceptable level of fit. The CR values
continued to show strength. Standardized regression weights had changed, however, and
the following variables were removed in the subsequent analysis: LgtClean (0.637),
DeepClean (0.662) and GrndAttra (0.675).
In the next analysis, a chi-square of 230.318 was returned. The CFI rose to 0.940
and the TLI rose to 0.922. The SRMR dropped to 0.0569, and the RMSEA dropped to
0.079. All values were now in the acceptable range, but had not reached the levels of the
five-factor model. The regression weight for GrndMaint (0.671) was low, so the model
was respecified without this variable.
In the subsequent analysis, the chi-square was 199.10. The CFI rose again, to
0.946, and the TLI rose to 0.928. The SRMR dropped once again to 0.0542, and the
RMSEA dropped slightly to 0.078. The indications of goodness-of-fit continued to
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improve, but still not to the level of the five-factor model. The Modification Index
provided another suggestion of high correlation, this time between the error terms for
CafeSeating and CafeMvmt (MI = 23.018 and PAR = 0.591). The model was specified
with this correlation added.
In the subsequent analysis, the eighth of this confirmatory process, the returned
chi-square was 169.748. The CFI rose to 0.964, and the TLI rose to 0.951. The SRMR
dropped to 0.0481, and the RMSEA dropped to 0.064. The goodness-of-fit indices had
still not reached the levels of the five-factor model, but the estimates indicated a low
standardized regression weight for the following variables: CafeSeating (0.683) and
CafeMvmt (0.636). The model was respecified with these two variables removed, which
also required the deletion of the latent variable ADEQUACY OF SPACE, since it was left
with only one indicator variable.
In the next analysis, the chi-square was 120.521. The CFI rose to 0.965 and the
TLI 0.951. The SRMR dropped to 0.0454, but the RMSEA rose to 0.071. The estimates
revealed strong indications of significance in the CR values and standardized regression
weights. The Modification Index contained a suggestion for further refinement, as the
error terms for FurnAttra and GthrngAreas had a high Modification Index (10.365) and
PAR value (-0.134). As with the five-factor model, these two error terms were allowed to
correlate. In the subsequent analysis, however, the model was deemed inadmissible, due
to negative error variances caused by the correlation.
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Since there were no other apparent changes that could be made, the previous
iteration was the best-fitting version of the eight-factor models. The null hypothesis that
the eight-factor model would not fit with the data set provided was rejected.
Based on the goodness-of-fit indices, the null hypothesis that both models were
equal was rejected, and the five-factor model was accepted for use in the development of
the Structural Equation Model to examine the relationship between school facility
condition and student performance. The names of the latent factors were changed to
more accurately represent the indicator variables associated with them. The name
“SAFETY AND SECURITY” was changed to “SUPERVISION” to more accurately
reflect the observed variables. The name “MAINTENANCE/GROUNDS” was changed
to “COSMETICS.” The name “TECHNOLOGY” was changed to “EQUIP” since all of
the indicators related to technology dropped out of the model. The name
“HVAC/ELECTRICAL” was changed to “HVAC” since the only indicators remaining
were related to heating, ventilation and air conditioning. Results of selected goodness of
fit indices are summarized in Table 2. The model is presented in Figure 4.
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Table 2. Selected Goodness of Fit Indices – Confirmatory Factor Analysis
Index

Value

Recommended Value for acceptance

CFI

.977

.90

TLI

.967

.95

RMSEA

.0483

.08

SRMR

.062

.08

1
1

IntPaintAtt

intpaintatterr

1
ExtPaintAtt

extpaintatterr

COSMETICS

1
FurnRepair

furnrepairerr

1
FurnAttra

furnattraerr

1
SciEquip

sciequiperr

1

EQUIP

1
SciUtil

sciutilerr

1
GathrngAreas

gathrngareaserr

1

1

SUPERVISION

HallSize

hallsizeerr

1
HlwySupv

hlw ysupverr

1
AdqHeat

adqheaterr

1

HVAC

1
AdqAC

adqacerr

1
FuncAth

funcatherr

1

1
AvailAth

availatherr

ATHLETICS

1
sizeatherr

SizeAth

Figure 3. Confirmed Five-Factor Model
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Structural Equation Modeling
After identification of the best-fitting model for school facility condition, a new latent
factor entitled STUDENT PERF representing student performance as indicated by the
three observed indicator variables, MATH, ELA and SES, was introduced. This new
latent factor was used to determine the effects of the five latent factors on student
performance. Error terms were included for the SES, MATH and ELA variables, as well
as for each latent factor. Since the latent factors were now grouped in a causal
relationship with student performance, a regression weight of 1.0 must be specified for
one of the new indicators. A regression weight was added to the latent variable HVAC as
the reference point based on the literature. HVAC has been shown in numerous studies to
have a significant impact on student performance (Cash, 1993; Earthman, Cash & Van
Berkum, 1995; Hines, 1996; Lanham 1999).
The first analysis was completed and the same process used in establishing the
CFA model was utilized to analyze the results. The chi-square value returned for the first
model was 556.189. The CFI for this model was 0.741 and the TLI was 0.689. The
SRMR for this model was 0.1348, and the RMSEA was 0.179. These values represent a
poor model fit. Estimates revealed no concerns. The Modification Index suggested
several changes, the most significant being the addition of a correlation between the error
terms for ELA and Math. The model was respecified using this recommendation.
The second analysis provided a chi-square of 326.819.The CFI for this analysis
was 0.875. The TLI was 0.848. The RMSEA value was 0.125. The SRMR value was
0.1128. Again, estimates indicated no major concerns. The MI suggested another
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correlation between the error terms for ELA and SES. The model was respecified with
this correlation added.
The third analysis yielded a chi-square of 285.956.The CFI for this analysis to
0.898. The TLI rose to 0.875. The RMSEA value fell to 0.114. The SRMR value fell to
0.0966. Again, the goodness-of-fit indices all showed improvement, but the model could
not be accepted based on these values. The MI suggested another set of regression paths,
this time between MATH and SES and ELA and SES. The model was respecified with
the addition of these paths.
The fourth analysis yielded a chi-square of 159.580. The CFI for this model rose
to 0.971. The TLI rose to 0.964. The RMSEA value fell to 0.061, and the SRMR fell to
0.0638. The rise all of the indices indicate a stronger model, and all are within the range
of acceptance. The CFI and TLI indices represented a very high level of fit for the model.
Again, all CR values were favorable and indicated strong model structure. Standardized
regression weights continued to show strength, and suggestions in the Modification Index
were not supported by the literature.
As a result, the model identified in the fourth SEM analysis was chosen as the
model of best fit for this study. Based on these results, the null hypothesis that a bestfitting model of school facility condition and student performance would not exist was
rejected. A summary of goodness-of-fit measures is shown in Table 2. The model is
shown in Figure 5.
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Table 3. Selected Goodness of Fit Indices – Structural Equation Model
Index

Value

CFI

.971

.90

TLI

.964

.95

RMSEA

.063

.08

SRMR

.061

.08

TE1

1
SciEquip

sciequiperr

Recommended Value for acceptance

1

1

EQUIP

1
SciUtil

sciutilerr

1
IntPaintAtt

intpaintatterr

1

C1

1

1
ExtPaintAtt

extpaintatterr

COSMETICS

1
FurnRepair

furnrepairerr

matherr

1

1
FurnAttra

furnattraerr

1

S1

1
GathrngAreas

gathrngareaserr

1

1
HallSize

hallsizeerr

SUPERVISION

STUDENT PERF

SES
1

1
HlwySupv

hlw ysupverr

1

ELA

H1

1
AdqHeat

adqheaterr

1

1

1

elaerr

HVAC

1
AdqAC

adqacerr

A1

1
FuncAth

funcatherr

1

1

1
AvailAth

availatherr

ATHLETICS

1
sizeatherr

MATH

1

SizeAth

Figure 4. Final Structural Equation Model
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1
seserr

Standardized regression weights explained the amount of increase or decrease in
terms of standard error that a variable can cause. Standard regression weights for the
latent facility condition variables as well as SES, MATH and ELA are shown in Table 3.

Table 4. Standardized Regression Weights
Variable

Variable

Estimate

MATH

STUDENT PERF

.071

ELA

STUDENT PERF

.088

EQUIP

STUDENT PERF

.710

COSMETICS

STUDENT PERF

.897

SUPERVISION

STUDENT PERF

.732

HVAC

STUDENT PERF

.604

ATHLETICS

STUDENT PERF

.499

SES

ELA

-1.377

SES

MATH

-1.134

Squared multiple correlations are an indication of how much of the variance of
each factor is explained by the model. Table 4 provides the squared multiple correlations
for the latent variables in the model, as well as SES, MATH and ELA. It shows strong
effects on student performance based on the ability to supervise students (.535).
Cosmetics were also explained to a relatively high degree in the model (0.805). Lesser
explanations of adequate equipment in labs (0.504), the availability and adequacy of
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athletic facilities (0.249) and the adequacy of the HVAC system (0.364) were explained
by the model.

Table 5.Squared Multiple Correlations
Variable

Estimate

MATH

.005

ELA

.008

SUPERVISION

.535

EQUIP

.504

ATHLETICS

.249

HVAC

.364

COSMETICS

.805

SES

.709

Summary
In summary, the findings of this study provided additional insight into the relationship
between the condition of school facilities and student performance. The findings of this
study were consistent with prior research in this area, while adding valuable information
for areas of concern brought about by events such as the tragedy at Columbine High
School that have caused educators and policymakers to look at such issues as school
safety and security through a sharper lens.
In Chapter Five, I will discuss the findings of the study.
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CHAPTER 5
DISCUSSION

The purpose of this study was to examine the relationship between the condition of
school facilities and student performance as measured on the High School Assessment
Program (HSAP), as administered to all tenth-grade students in the state of South
Carolina. The literature reviewed provided a substantial foundation from which to
conduct this study. Chapter Three included a presentation of the research methods
undertaken, while Chapter Four included the findings of the study. In Chapter Five, a
discussion of the results of the study will be presented. Implications of the findings to
previous research will be discussed, along with recommendations for future research in
the field.

Discussion of Exploratory Factor Analysis Results
One interesting finding of the exploratory factor analysis was the emergence of two
possible solutions. The Scree plot had two inflection points suggesting two ways to
cluster items; thus a hypothesis was drawn that there would be a difference in the
goodness-of-fit indices allowing the emergence of a superior model. This hypothesis was
based on the difference in indicators from the exploratory factor analysis (communalities,
strength of loading coefficients, and non-redundant residual percentage). The null
hypothesis stated that there would be no difference between the two models. Each model
will be discussed briefly.
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Five-factor model
Factor one, labeled SAFETY AND SECURITY, consisted of the variables related to the
ingress and egress of the building, the ability of students and staff to move efficiently
from one area to another, and the ability to communicate effectively throughout
instructional areas. The indicator variables included in this factor were new to this body
of research. It is important that these indicators were included as a preliminary significant
factor in terms of the relationship between student performance and school facility
condition. The loading coefficients for these factors were fairly high and reasonably
consistent.
MAINTENANCE/GROUNDS was the name given to factor two as it consisted of
the variables related to the cleaning and attractiveness of the school grounds, the
attractiveness and state of repair of furniture, the quality of paint, and the severity of roof
leakage. The roof leakage indicator loading on this factor was a point of interest, as it
would not seem to have a strong of a connection to the other observed variables. Perhaps
the link to overall maintenance was the important criteria. Earthman (1996) reported that
poor roof condition could cause rapid deterioration of other systems. The other variables
grouped together as the literature might suggest. Cash (1993) and Hines (1996) both
noted furniture condition to be related to student performance. O’Neill and Oates (2000)
reported the external appearance of the building and grounds as being correlated to
student performance.
Factor three, labeled TECHNOLOGY included variables related to the connection
to the district-wide wide-area network (WAN), the availability of Internet access for

94

instructional purposes, availability of closed-circuit and Educational Television (ETV),
the adequacy of science equipment (e.g. glassware and microscopes), the availability of
utilities in science labs (e.g. gas, water and electricity), the adequacy of computers in
classrooms for student use throughout the building, the availability of instructional
technology in classrooms, and, interestingly, the building compliance with the latest
Americans with Disabilities Act (ADA) standards. Respondents may have associated this
factor to ADA because the legislation addresses access issues with technology and
equipment. The loadings for the ADA indicator were much lower than the other loadings
for this factor. Cash (1993) and Earthman (2004) both found that the condition of science
laboratories were an important factor in determining student achievement.
The fourth factor to emerge, labeled ATHLETICS, consisted of the three variables
associated with athletic facilities. The availability of athletic facilities, the functionality of
athletic facilities and the adequacy in terms of size of athletic facilities loaded onto this
factor. In addition, the indicator variable representing the compliance of the building with
the latest safety standards loaded onto this factor. This loading appears to represent the
natural relationship between athletics and safety, although it loaded at a much lower
value than the athletics indicators. Respondents may have been concerned more with the
safety of students in an athletic sense versus safety in the classroom; thus the loading on
this factor rather than the first factor.
HVAC/ELECTRICAL was the final factor to emerge. Observed variables loading
onto this factor included the adequacy and controllability of the HVAC systems, the
quality of artificial light in instructional areas, the electrical service to the facility, the
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availability of an ETV connection in instructional areas, and the ability to supervise
students in the Media Center. The clustering of the observed variables for HVAC,
lighting and electrical service are a natural association. The most interesting result
relating to this loading is the inclusion of the Media Center and ETV. Perhaps the ETV
indicator was reliant on its use of electrical power as criteria. The media center
supervision could have been related as it is typically the hub for communication and
media (including ETV) for the school facility. The loadings for the ETV and media
supervision indicators loaded at a much lower value than the other indicators on this
factor, suggesting a weaker relationship. Many researchers have noted the significance of
the HVAC system as it relates to student achievement (McGuffey, 1982; Bowers and
Burkett, 1987; Cash, 1993; Cervantes, 1999; Lanham, 1999; Earthman, 2004).

Eight-factor model
In the eight-factor model, the first latent factor, labeled FURNISHINGS AND
EQUIPMENT, consisted of the observed variables related to the availability of utilities in
science laboratories and the availability of equipment in science laboratories, the
attractiveness and state of repair of furniture, the availability of computers in classrooms
for student use, and the availability of instructional technology. It is interesting to note
that the variable indicating the availability of instructional technology did not load on the
five-factor model in any group. The increasing importance being placed on the
integration of technology such as LCD projectors and Smartboards into instruction
caused question as to why this indicator did not load at a higher level. Since the other
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items in this cluster are concerned with equipment and furniture in classrooms, it seems
evident that the specific availability of computers in classrooms and technology for
instructional purposes loaded on this factor, in lieu of loading on a more specific
technology factor.
CLEANING AND MAINTENANCE was the name given to the second factor, as it
consisted of the variables related to the light and deep cleaning of the building, the
maintenance and attractiveness of the grounds, the attractiveness of interior and exterior
paint, and the visibility of roof leaks. As in the five-factor model, these indicators are
well documented in the literature. Earthman, et al (1995) and Hines (1996) found that
grounds maintenance was related to student performance. O’Neill and Oates perhaps best
summarized this factor in noting that school officials reported that a clean and wellmaintained environment makes it easier for students to take pride in their work (2000).
Factor three, labeled TECHNOLOGY, included the variables related to the
availability of closed-circuit television and ETV (Educational Television), as well as the
connection to the district-wide network. The television items loaded high on this factor
and the network indicator loaded much lower. One explanation for this difference may be
the relationship between ETV and closed circuit television. In many buildings, both share
the same wiring pattern and often the same programming. The connection to the districtwide network has no relationship to the satellite-fed ETV signals, and apparently loaded
on this factor due to the association with technology in general. Of interest here is the
notion that other observed variables concerning technology, such as availability of
computers in classrooms and instructional technology, did not load on this factor.
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The fourth factor to emerge, labeled ATHLETICS, consisted of the three variables
associated with athletics included in the survey: the availability of athletic facilities, the
functionality of athletic facilities and the adequacy in terms of size of athletic facilities
loaded onto this factor. The range of factor loadings was very high, and remarkably
consistent between indicators.
HVAC/LIGHT was the next factor to emerge. Variables loading onto this factor
included those related to the adequacy of heat and air-conditioning, as well as the control
of air-conditioning. In addition, the variable representing the availability of natural light
into classrooms loaded onto this variable, albeit with a much lower coefficient (0.505).
The close proximity of loading scores for the HVAC indicators indicated a strong
relationship between these observed variables. As noted in the discussion of the fivefactor solution, the relationship of these indicators to student performance is well
documented. It is interesting to note here that the indicator for artificial light loaded with
these observed variables in the five-factor solution, and natural light did not load on any
factor. In the eight-factor solution, the natural light indicator loaded and the artificial light
indicator failed to load. The assertion presented is that the five-factor loading is the
correct cluster, as the relationship to electricity for all of these indicators is paramount.
The next factor, named SECURITY, included the observed variables related to the
security of the school entrance for visitors, the security of exterior doors that are not
monitored during the day, and the ease of supervision in hallways and student gathering
areas. The clustering of indicators in this factor support concerns as to the safety and
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security of school buildings. Clearly, building principals indicated the importance of a
secure facility to the instruction of students.
The next factor to emerge was named ADEQUACY OF SPACE. It included the
variables related to the adequacy of seating in the cafeteria, the ease of movement in and
out of the cafeteria area, and the ease of movement through the hallways of the building.
Principals are beginning to place an emphasis on school-related conditions, such as
student movement through the building, that were not necessarily considered a concern in
the past. The concern involves both instructional time as well as safety of students. Less
time to move from class to class results in more instructional time; the quick evacuation
of students in an emergency could mean the difference between life and death.
The next factor to emerge was not included in the analysis, as the observed
variables loading onto this factor had relative low coefficients compared to the other
latent variables. The indicator variables for adequacy of supervision in the media center,
the adequacy of the school-wide network, the condition of lockers, the adequacy of
artificial light and the electrical service to the building did not bear close resemblance to
each other, and their grouping was not supported by prior literature.
The final factor to emerge in this model was named SAFETY, and included the
observed variables relating to the compliance of the building with the latest safety
standards, the adequacy of communication with classrooms, the adequacy of security
controls on campus, the compliance with the latest Americans with Disability Act (ADA)
standards, and the availability of classroom Internet services. While not as high as
coefficients in the higher loading factors, these factors did have a sense of commonality
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among them, as they are all related to the safety of building patrons. The availability of
classroom Internet service seems to be the least relevant fit, based on the literature. The
other indicators all relate appreciably. This latent variable was retained in the model for
this reason.
There is no apparent reason for this factor to load after the variable that was not
accepted, considering the highest loading coefficient of -0.676 was higher than that of the
deleted factor (-0.532). As in the five-factor model, factors emerged related to safety and
supervision of building patrons. This obviously reinforces the importance of these issues
by school personnel. It is also interesting to note the loading of the indicator related to
ADA compliance on this factor, rather than on the TECHNOLOGY factor in the fivefactor solution. In the five-factor solution, SPSS provided a five-factor solution to
eliminate ambiguity cause by the less significant factors. Perhaps the indicator clustered
with the other indicators for TECHNOLOGY based on the accessibility concerns. It
makes more sense for ADA to cluster as it did in the eight-factor solution (with items
concerning safety, security and communication) as these more readily associate with the
ideals of the ADA regulations of providing adequate security, safety and communications
(Braille, hearing impaired devices, etc.).
As mentioned, support for previous literature was immediately evident in both
models. Cash found higher student performance in schools with at least some air
conditioning in instructional spaces, less graffiti, better lockers, better science lab
equipment, classroom furniture in better condition, schools with pastel colored walls, and
schools with less noisy environments (Cash, 1993). While all observed variables were not

100

included in the latent variable structure of this model, this study did identify control of air
conditioning, adequacy of science lab equipment, and condition and attractiveness of
furniture to be significant. Earthman, Cash, & Van Berkum (1995) had similar findings in
their study of North Dakota public high schools. Significance was noted in relation to
heat control, availability of adjacent facilities, age of science lab equipment, lighting,
interior paint cycle, exterior paint cycle, mopping, and condition of grounds (Earthman,
Cash & Van Berkum, 1995). The latent variables identified in the current study provide
support for these variables.
When examining individual building assessment items and their relationship to
performance scores, Hines (1996) found significance in the presence of air conditioning,
more recent exterior painting, schools with more extracurricular facilities nearby, schools
that were mopped more frequently, better classroom furniture, and grounds in better
condition. Observed variables lending causality to latent variables in this study provide
support for Hines’ study.
Lanham studied elementary schools in Virginia and found that ceiling type, air
conditioning, site size, room structure, frequency of floor mopping and frequency of
sweeping were factors contributing to the variance in performance for third grade
students. When performance of fifth grade students was compared to building
conditions, Lanham found that classroom connection to a wide-area network, ceiling
type, overall building maintenance, floor type and air conditioning accounted for a
percentage of the variance in test scores. Results of the confirmatory factor analysis
provide support for the factors Lanham found significant, and would encourage the
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results of Lanham’s study to be applied to school facilities at the high school level as
well.

Confirmatory Factor Analysis
Once entered into AMOS, the confirmatory procedure commenced to test the hypotheses
that each model would be a strong fit to the data set provided, based on the exploratory
procedure, and that one of the two models would emerge with a superior fit relative to the
other.
Analysis of the five-factor model was first. Standard conventions of practice for
SEM were followed. The most interesting conclusions to be drawn from either
confirmatory analysis were in the variables that dropped out of each model based on lack
of significance. The strength of the standardized regression weights needed to keep
indicator variables in the model solidified the results of the CFA process, and caused
question of the results of prior research.
In the five-factor model analysis, the most interesting indicators to drop out were
the variables related to light and deep cleaning, as well as the attractiveness of grounds.
As noted in Chapter Two, prior research had shown significance between these factors
and student performance. In addition, several variables in the technology area dropped
out. The expectation was to see the role of technology have a greater effect in
determining the condition of school facilities. As the analysis progressed, the variables
that continued to drop out of the model focused on three areas: cosmetic factors,
technology and security. Prior research established these factors as significant in terms of
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their relationship to student outcomes; their ultimate elimination from the model was
notable.
The final goodness-of-fit measures for the five-factor model indicated a great deal
of strength. The CFI and TLI values were extremely high indicators of a model that fits
well with the data provided. The SRMR value also fits well within the measure of
adequacy suggested. The RMSEA is well within the acceptable range, although not as
strong as the other indicators.
In the confirmatory analysis of the eight-factor model, similar patterns emerged as
variables dropped out of the model. Following the first analysis, the variables dropping
out primarily came from the factors related to technology and equipment. Lanham
(1999) stressed the importance of maintaining the roof to prevent further damage to
facilities, thus it was interesting to see this variable drop out of the model. The indicators
for cleaning and grounds also dropped out of the model. These had been shown to be
significant in the literature (Earthman, Cash and VanBerkum, 1995; Hines, 2006).
Indicators related to school safety and security surprisingly dropped out of this model as
well. The expectation was to find significance among indicators relating to the safety and
security of school buildings.
The indices of goodness-of-fit were quite strong for the eight-factor model as
well; however, they remained below the levels of fit for the five-factor model. All of the
indices were within the acceptable range for Structural Equation Modeling.
One interesting point to arise through the factor analysis process was that the
indicator variables retained in the final models were very similar. Indicators for science
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equipment and utilities were included in each model, as were indicators for interior and
exterior paint attractiveness. Observed variables relating to adequacy of both heat and airconditioning were retained in each model. The three indicators for athletic facilities were
retained in both models. The variables relating to gathering area supervision and hallway
supervision were also included in both models. The control of the air conditioning system
was retained in the eight-factor model but dropped out of the five-factor model. Three
factors relating to security (safety standards, communication within the building, and the
availability for secure control of campus ingress and egress) loaded in the eight-factor
model but not in the five-factor model. The inclusion of the majority of the indicator
variables in both models lends strength to the exploratory factor analysis procedure and
the data set used.
The difference in measures of goodness-of-fit allowed rejection of the null
hypothesis that the two models were equal. As a result, the five-factor model was chosen
as the model of best fit.

Structural Equation Modeling
In addition to providing support for previous research, SEM allowed examination of the
relationship between the model of school facility condition and the measures of student
performance: scores on the English/language arts and mathematics portions of the High
School Assessment program, and socioeconomic status (SES).
Not surprising was the effect that SES has on student performance. Many studies
have shown that SES is a key factor in affecting student performance. In this particular
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model, the values for SES indicate a higher level of poverty as the PPOV variable value
increases. In the case of English/language arts, one can expect a decrease in student
performance of 1.377 units for each unit of increase in SES. A decrease in student
performance on the math assessment of 1.134 units can be expected for each unit increase
in SES. This model explains a total of 70.9% of the variance of SES, which is consistent
with the literature. These findings support the work of many other researchers who found
strong relationships between student performance and SES. While SES was only used as
a control variable in this study, it bears noting that future studies performed in South
Carolina should continue to use SES as a means of expressing relationships among other
variables.
One issue surrounding the relationship of SES to student performance is the fact
that SES accounted for such a large amount of the variance of the latent factor for student
performance. One significant finding of this study, then, is the notion that SES in and of
itself could be a primary indicator of school building quality. This assertion is supported
by the literature. A recent study by the 21st Century School Fund (2006) found that
“schools in poor condition ten years ago received the least investment in their facilities,
even as the nation’s schools have seen record spending on school facilities”(p. 5). The
same study also found that schools in a district with a high percentage of students from
low-income families and with a large minority enrollment are likely to be in the worst
physical condition. Future study of this aspect of school facility condition is strongly
encouraged.
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The latent variables used in the model of school facility condition are the other
items of interest in this study. The latent variable EQUIP, representing the adequacy of
science utilities and science equipment, was explained at a level of 50.4% by this model.
School officials can expect a fairly high relationship to exist between the increase of
science equipment and corresponding student performance. While this does not guarantee
an increase in student performance, it is an indication worth noting.
The latent variable COSMETICS, representing the attractiveness of paint both
inside and outside the school, as well as the condition and attractiveness of furniture, was
explained at a level of 80.5% by the model. Again, school officials can expect a fairly
high relationship to exist between the increase of these cosmetic conditions and
corresponding student performance. As noted before, simply providing a fresh coat of
paint or replacing worn furniture may not provide an immediate increase in student
performance, but the strength of the relationship is noted.
The latent variable SUPERVISION, representing the supervision of gathering
areas for students, the supervision of hallways, and the size of hallways in terms of
student movement, was explained at a level of 53.5% by the model. Education officials
should include this factor in making decisions about the use of funds to improve school
facilities, as the relationship between these indicators and student performance is fairly
high.
The latent variable HVAC, representing the adequacy of heating and airconditioning, as well as the controllability of air-conditioning, was explained at a level of
36.4% by the model. Educators can also expect a significant relationship between
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heating, ventilation and air-conditioning as with other factors included in the model. It
was interesting to note that the increase in performance was not higher for this indicator,
based on the literature. Perhaps prior studies, most of which were done north of this
geographic area, and in the previous decade, were more of a reflection of the difference
between schools that had air-conditioning and those that did not. Since most schools in
South Carolina are now equipped with air-conditioning, the variability may not have been
as great. Regardless, based on this study and prior research, school officials can expect to
see an increase in student performance when the HVAC system in a school is operating
efficiently.
The latent variable ATHLETICS, representing the availability, functionality, and
size of athletic fields on campus, was explained at a level of 24.9% by the model. The
1:0.499 relationship between the athletics factor and student performance is indicative of
strength and should be held at a high regard by school officials. The pride that students
feel when associated with a school with a strong athletic program is a key point. The
community often places value on the quality of athletic programs as well, and this sense
of importance could be reflected in this finding. In addition, it is important to remember
that the community may only see the athletic facilities at the school, and may never set
foot inside the building.
As noted earlier, the inclusion of the supervision of students in this model is a first
for studies using the CAPE or a variation thereof. It is a strong indicator of importance to
see statistical evidence of safety and security as it relates to stakeholders of the public
school system. Further research regarding the importance of safety and security of
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students, faculty and staff should be conducted to examine this relationship in greater
detail.

Evolution of Theoretical Models
While not originally listed as a specific purpose for conducting this study, it is interesting
to note the evolution of the original model that Cash created in her 1993 study. In Cash’s
model, she illustrates how building condition affects the attitudes of students, parents and
faculty, and as a result, impacts student achievement. Lemasters (1997) improved the
model by adding a subdivision of the building condition component into cosmetic
conditions and structural conditions.
As a result of this study, the building condition variable can be replaced in its
entirety with the model of school building condition. The factors affecting school
building condition remain the same, but they feed into each one of the latent variables
identified in the model. The output of this revised model relates directly to student
performance, and, while possibly affected through attitudes, provides a direct link
between school building condition and student performance. The revised model is shown
in Figure 6.
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Figure 5. Revised Model of School Building Condition and Student Performance.

Conclusions
This study has shown support for previous research that examined the relationship
between the condition of school facilities and student performance. It is clear that when
the condition of a facility is taken into consideration, along with the socio-economic
status of the student population, a considerable amount of the variance related to student
performance can be explained. Making improvements in certain areas of the building
condition can have a positive impact on student performance. The most important area
related to student achievement in this study of high schools in South Carolina related to
the cosmetic conditions of paint quality and attractiveness and furniture quality and
attractiveness. Adequate supervision of students was the second most important factor in
terms of student performance. Other areas of high importance when examining the
relationship between the condition of the building and student performance included the
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adequacy and controllability of HVAC systems, adequacy of science equipment and
utilities, and the availability, functionality and size of athletic facilities.
Prior research in this area also indicated the importance of several of these factors
in terms of student performance. Cash (1993), Hines (1996) and Lowe (1990) all noted
the importance of the condition of furniture to student performance. O’Neill & Oates
(2000), found a relationship between the condition of exterior paint and landscaping and
student performance. Cash (1993), Hines (1996), Earthman, Cash and VanBerkum
(1995), and Lanham (1999) all noted the importance of HVAC in terms of student
achievement.
Hines (1996) found a relationship between the availability of athletic facilities and
student performance. In this study, evidence is also presented that not only supports
Hines’ findings, but also highlights the importance of the adequacy of these facilities in
terms of functionality and size.
As noted in Chapter Two, several new variables were introduced into this survey
of South Carolina high school facilities. As a result of inclusion, factors relating to
supervision were noted as having an important relationship to student performance. These
factors should be included in future, more detailed research as to the level of significance
that each factor (and accompanying indicators) has on student performance.

Implications for Practice
Increasing levels of accountability at virtually every level cause educators to examine
each factor that relates to student performance. Governmental regulations provide little
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leeway for educators; meaning no stone should be left unturned when examining
effective means of increasing student performance. This study adds to the body of
knowledge by suggesting factors that relate to student performance in terms of building
condition.
As in previous research, the control variable SES (socio-economic status)
accounted for the greatest variance in student performance in this study. Over 70% of the
variance in English/language arts and math scores can be accounted for by SES. Schools
are obviously not on an even field when it comes to SES, and this relationship is
something to be considered when educators and policy-makers examine means to
improve student performance. In addition, the relationship between SES and school
facility condition is one that needs to be further examined. A potential hypothesis is
proposed: School facilities in districts with a higher indication of poverty are likely to be
in a worse state of condition than those in districts with a lower indication of poverty.
This hypothesis should be explored in future research.
School funding continues to dwindle across the state and nation as budgets are cut
and sources of income dry up. As a result, school officials are being held accountable by
taxpayers for the funds that are spent, in an effort to ensure effective use of school
dollars. Analysis of the standardized regression weights presented in Chapter Four
provide a key indicator to school officials and policymakers with regard to the priority in
which they may examine their own school buildings and appropriate funding for
improvement.
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Maintaining the appearance of the school proper in terms of paint and furniture
are noted as the most important factor in terms of student performance in this study.
School administrators should make every effort to maintain these areas to the highest
level possible. This is one area that may not be as expensive as others to maintain, which
may make it a more reachable goal for school personnel.
Supervision of students emerged as a key factor in determining student
performance in this study. Modifications to a building to improve sightlines may be as
simple as removing the top of a bookshelf in the media center or changing the layout or
traffic pattern of a hallway. While other means of improving supervision may be more
expensive, it still should be noted that this is an area of concern when related to
improving student performance.
Availability of equipment in science laboratories is also a key concern for school
district administration. Having access to proper utilities, including gas, electricity and
water, as well as having adequate glassware, microscopes and other experimental
materials is important to increasing student performance.
Maintenance and efficiency of the HVAC systems in schools should also become
a priority for school administrators. Improving the efficiency through better controls or
more energy-smart equipment may make a substantial improvement in performance, and
may pay for itself sooner based on the related savings in energy costs.
The availability, functionality and size of athletic fields also play a major role in
student performance. Perhaps this effect is one of attitude, since these facilities do not
play a direct role themselves in terms of classroom performance, however the feelings
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one has for their school can have a direct impact in the performance one may experience
while there.

Limitations
As a result of the analysis of data included in this study, two limitations are presented.
1)

The South Carolina School Building Assessment included open-ended
questions to allow respondents the opportunity to include information
that they deemed important to the area of research involving the
condition of school facilities and student performance. The data
included were subjective in nature and did not contribute to the study,
and subsequently were removed.

2)

A number of schools responding to the South Carolina School
Building Assessment were from impoverished areas along the
Interstate 95 corridor. As a result the data used in this study could have
been influenced by the inclusion of such a large number of schools
with a lower socioeconomic status indicator.

Recommendations for Future Research
This study has examined the relationship between the condition of school facilities and
student performance in public high schools in South Carolina. Based on the findings of
this research, the following recommendations for future research can be made.
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1)

A study examining the relationship between building condition and
student achievement and behavior should be conducted which introduces
the variable of time. Researchers have made this suggestion in previous
studies, but to date no such study has been undertaken. The element of
time brings other critical variables that require control into the analysis,
such as the number of years a principal has been in the school system.
Controlling for these variables would obviously be difficult.

2)

This study should be replicated in other levels of South Carolina schools
to determine if the same latent variables are related to student performance
in elementary and middle schools. The survey would need to be modified
in certain respects to accommodate the needs of these students.

3)

A study using a national, norm-referenced measure of student achievement
would allow for the creation of and comparison of a national database of
information available for school administrators, architects, and facility
specialists to further address issues regarding the condition of school
facilities.

4)

A study measuring individual student progress over time through a
building or series of buildings may provide valuable information for
school districts and states in terms of the need for consistency in terms of
the condition of school facilities in a given area.

5)

The South Carolina School Building Assessment, developed for this study,
needs to be utilized in subsequent studies to increase reliability and
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validity. In addition, questions may need to be revised or added to address
other concerns that were not included in the initial version of the
assessment. The study should be completed in both rural and urban areas
and in schools of varying size.
6)

Further replication of this study is needed in other states to provide a
larger knowledge base of information representing different governance
structures, different funding mechanisms, different assessment
instruments, different geographic locations, and different socio-economic
structures.

7)

The model of student performance created in this study should be
replicated using other data sets to add support to the evidence presented in
this study.

8)

A study examining technology in more detail may be of value to education
administrators. This study scratched the surface in terms of the level of
detail examined. Since technology is such an integral part of education
today, a more in-depth study of technological factors may be justified.

9)

A study examining the relationship between socioeconomic status and
school facility condition should be conducted. The high level of SES
explained by the model presented in this study indicates that perhaps
school buildings themselves are a direct relation to SES of a given area.
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10)

A path analysis of the data included in this study should be conducted to
force a rationalization of causality links between indicators of school
facility condition and student performance.

11)

A social experiment could be undertaken to evaluate the notion that SES
could be manipulated by simply spending money to improve school
facilities.

Summary
The purpose of this study was to examine the relationship between the condition of high
school facilities in South Carolina and student performance. A model of school facility
condition was developed, and, when included in a comprehensive model of student
performance, positive relationships were demonstrated between each latent variable and
the student performance indicator.
School officials at all levels from the local building principal to the state board of
education can benefit from the findings presented in this study. The local building
principal may utilize this information to make changes in the maintenance schedule of the
local building or redirect funds to maintain areas of primary concern. District office
personnel may use this information in preparing bond referenda or long-range facilities
plans, in an effort to better appropriate funding or plan future improvements. State
legislators and other personnel, such as the Office of School Facilities, now have an
accurate measure of facility condition in the South Carolina School Building Assessment
that can be utilized to make comparisons between districts across the state to ensure
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adequate funding, determine priorities in terms of appropriating funds for needed
improvements, or integrate building concerns into explanations of student performance to
the general public.
The results of this study indicate the impact that school facility condition has on
student performance. The data illustrate the need to continually assess the condition of
school facilities across South Carolina and the nation to ensure that students are being
educated in the best possible facilities with the highest level of equipment available.
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Appendix I
Letter of Approval from Institutional Review Board
Validation of IRB application # IRB2007-261, entitled "The Relationship of School
Building Quality and Student Performance in South Carolina High Schools"

Dear Dr. Marion:
The Clemson University Institutional Review Board (IRB) validated the
proposal identified above using Exempt review procedures and a
determination was made on October 12, 2007 that the proposed activities involving
human participants qualify as Exempt from continuing review under Category 2 based on
the Federal Regulations. You may begin this study.
Please remember that no change in this research proposal can be
initiated without prior review by the IRB, this includes the addition of
members to the research team. Any unanticipated problems involving risks to subjects,
complications, and/or any adverse events must be reported to the IRB immediately. The
Principal Investigator is also responsible for maintaining all applicable protocol records
(regardless of media type) for at least three (3) years after completion of the study (i.e.,
copy of validated protocol, raw data, amendments, correspondence, and other pertinent
documents). You are requested to notify the Office of Research Compliance (ORC) if
your study is completed or terminated.
Attached are documents developed by Clemson University regarding the
responsibilities of Principal Investigators and Research Team Members.
Please be sure these are distributed to all appropriate parties.
Good Luck with your study and please feel free to contact us if you have
any questions. Please use the IRB number and title in all communications
regarding this study.

Jane C. Brison
IRB Program Assistant
Office of Research Compliance
Clemson University
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Appendix II
Letter Requesting Data from SDE
309 Edenberry Way
Easley, SC 29642

Imelda C. Go
Office of Assessment
South Carolina Department of Education
1429 Senate St., Rm. 607-D
Columbia, SC 29201
October 1, 2007
Dear Mrs. Go:
Please accept my request for a data file for my upcoming dissertation entitled “The Relationship
Between School Facility Condition and Student Performance.” I am currently a doctoral
candidate at Clemson University, having completed all requirements for the Ph.D. degree except
my dissertation.
I will begin work on the dissertation as soon as permission is received from the Institutional
Review Board (IRB) and the data file from your office is received. The research component of
the study is expected to be completed by December 1, 2007, and the dissertation is scheduled to
be presented to my committee on January 24, 2008.
I am requesting a data file from the Office of Assessment that will provide the measure of student
performance for the study. I would like a text file that includes student scores from the Spring
2007 HSAP Assessment. I need only first time test-takers to be included in the data file. In the
data file, I will need the BEDS code of the student’s school, the raw ELA score, the raw
mathematics score, and the student’s lunch status (Free, Reduced or None). I do not need the
student’s name, Perm Number, SUNS number, or any other identifiers of student information.
Enclosed you will find all of the requested materials. Please contact me if any additional
information is needed. My home phone number is (864)850-3842 and my cell phone number is
(864)710-6691.
Sincerely,

Scott M. Smith
Doctoral Candidate
Clemson University
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Appendix III
Cover Letters to Principals

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

TO:

High School Principals

FROM:

Alex James, Director, Office of School Facilities
Scott Smith, Doctoral Candidate, Clemson University

DATE:

October 22, 2007

RE:

Assessment of High School Facilities

The Office of School Facilities of the South Carolina Department of Education is working
with Clemson University to determine the condition of high school facilities in South
Carolina and the relationship of these facilities to student performance on the HSAP
examination.
In this day of accountability for our schools and concern over local abilities to generate
funding for facility renovation and improvement, any information gleaned from this
study may prove invaluable. It is an attempt to illuminate the issues of capital needs for
our children and the need for financial support for our rapidly deteriorating school
buildings in many parts of the state.
To assist in the completion of this study, please complete the included instrument, The
South Carolina School Building Assessment. The assessment asks simple questions
relating to your school building. The assessment should take no more than 20 minutes
to complete. Other data used in the study will consist of HSAP scores from the spring
2007 administration. All identifiers of student level information will be removed from the
study. Please note that the goal of this study is not to compare schools or school
districts, but to investigate any relationships that exist among the variables of building
condition and performance.
The assessment is to be returned in the enclosed self-addressed, stamped envelope no
later than November 15, 2007. Thank you for your participation in this valuable research
instrument.
Suite 205, 3710 Landmark Drive, Columbia, SC 29204 Phone 803.734.4833 Fax 803.734.4857
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Appendix IV
The South Carolina School Building Assessment
THE SOUTH CAROLINA SCHOOL BUILDING ASSESSMENT

October 2007

Survey Conducted by:
The Office of School Facilities
SC Department of Education
and
Clemson University

INSTRUCTIONS: You are asked to rate specific features of your school building
and classrooms. Please use your best judgment and experience as a building
administrator to answer these questions.

______________________________________________
School Name
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SURVEY INSTRUMENT
Questions relating to the school building and grounds in general (Please circle the best
answer).

1.

What description best fits the school building?
A. The building was originally designed and built as a high school.
B. The building was originally designed and built as a high school and/or lower
grades, but underwent major renovation before conversion to a high school.
C. The building was originally designed and built as a high school and/or lower
grades, but underwent some renovation before conversion to a high school.
D. The building was originally designed and built as a high school and/or lower
grades, and was not renovated before conversion to a high school.

2.

What kind of flooring is found in the majority of instructional spaces?
A. Carpet
B. Tile or Terrazzo (including Vinyl Composition Tile – VCT)
C. Wood flooring

3.

What color are the walls in the majority of classrooms?
A. Pastel colors
B. White or Off-white
C. Dark colors

4.

What type of material is used for the majority of classroom ceilings?
A.
B.
C.
D.

5.

Acoustical tiles (Suspended or drop ceiling)
Plaster
Wood
Metal

Which of the following athletic facilities are available for student use (please circle all
that apply).
A.
B.
C.
D.
E.
F.
G.

Football field
Soccer field
Baseball field
Softball field
Swimming pool
Gym
Tennis courts

Please continue to the next page
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6.

Which of the following athletic facilities do you consider functionally adequate?
A.
B.
C.
D.
E.
F.
G.

7.

Football field
Soccer field
Baseball field
Softball field
Swimming pool
Gym
Tennis courts

Which of the following athletic facilities do you consider to be of adequate size?
A.
B.
C.
D.
E.
F.
G.

Football field
Soccer field
Baseball field
Softball field
Swimming pool
Gym
Tennis courts

For the following questions, please write the answer in the appropriate blank.

What is the approximate acreage of the school site (including all athletic fields, parking areas,
agriculture facilities, etc)?
____________ acres

Please provide the following information regarding your classrooms:
Total number of classrooms in your school:

__________

Total number of classrooms located in permanent structures:

__________

Total number of mobile classrooms or trailers:

__________

Please continue to the next page.
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INSTRUCTIONS: For the next series of questions, please bubble in the answer
that best matches your level of agreement with the statement.
Completely
Disagree

Mostly
Disagree

Somewhat
Disagree

Somewhat
Agree

Mostly
Agree

Completely
Agree

Visible signs of roof leaks (e.g. stains or water marks)
suggest a need for maintenance.













Electrical power supplied is adequate for current needs.













Loud noises from outside the school are a distraction to
classroom instruction.
Instructional areas in the building receive adequate natural
light.

























Heating in classrooms is adequate.













Heating in classrooms is controllable.













Air-conditioning in classrooms is adequate.













Air-conditioning in classrooms is controllable.













Artificial lighting in classrooms is adequate for instruction.













Light cleaning (e.g. sweeping or mopping) is completed
satisfactorily.
Deep cleaning (e.g. waxing and carpet cleaning) is
completed satisfactorily.
The number of electrical outlets in classrooms is adequate
for instructional needs.
Classrooms have adequate connections (e.g. wireless or
Ethernet) to a school-wide network.
The school has an adequate connection to the district-wide
network.
Classrooms are wired for closed-circuit television
distribution.









































































Classrooms are wired for ETV distribution.













Students have access to an adequate number of
computers in classrooms.
The availability of technology for instructional purposes
(e.g. Smartboards or LCD projectors) is adequate.
Internet access for instructional use is available in
classrooms.





































Classroom furniture is in a good state of repair.













Classroom furniture is visually attractive.













Science labs have adequate utilities (e.g. gas, water, and
electricity) for instruction.
Science lab equipment (e.g. glassware, microscopes, etc.)
is adequate.

























Lockers are in good working condition.













The school grounds are well maintained.













The school grounds are visually attractive.













Out of necessity, some classes meet in areas not originally
designed as classrooms.













The paint on interior walls is visually attractive.













Questions Relating to Instructional Areas
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The paint on interior walls is in good condition.













The paint on exterior walls is visually attractive.













The paint on exterior walls is in good condition.













Questions Relating to School Safety and
Security
The building meets the latest Americans with
Disabilities Act (ADA) standards.
The building is electronically secured after school
hours.
The building meets the latest safety standards
(e.g. fire protection, etc.).
The school site has adequate controls for security.
There are adequate communications with all
classrooms in the school.
The building has a secure entrance for visitors.
Exterior doors that are not monitored are kept
secured.
The building hallways allow unobstructed views
for supervision.
Student gathering areas are visible from multiple
vantage points.
Building hallways are sufficiently sized for
movement of groups of students.
The cafeteria layout allows for ease of student
movement.
The cafeteria layout provides sufficient seating to
minimize the number of needed lunch periods.
Media center shelving permits adequate visual
supervision of students.
The auditorium layout permits multiple groups of
students to enter and exit with minimal waiting
time.
The auditorium seats sufficient numbers of
student groups.

Questions Relating to Overall Building
Condition
The overall structural condition of the building
is adequate.
The overall cosmetic condition of the building is
adequate.
Overall, the building is adequately maintained
(e.g. light bulb replacement, leaking pipes
repaired, etc.)

126

Completely
Disagree

Mostly
Disagree

Somewhat
Disagree

Somewhat
Agree

Mostly
Agree

Completely
Agree





















































































































































































Completely
Disagree

Mostly
Disagree

Somewhat
Disagree

Somewhat
Agree

Mostly
Agree

Completely
Agree





































Is there anything pertinent regarding your building that we did not ask in the survey that you feel
is important for us to know? If so, please use this space for that purpose.

Any comments you wish to make that you think might aid in the study of the role school facilities
play in student performance would be appreciated.

This survey is adapted from the Commonwealth Assessment of Physical Environment developed
by Dr. Carol Cash (1993), the State Assessment of Facilities in Education by Dr. Carol Cash and
Dr. Glen Earthman (1995), and the Assessment of Building and Classroom Conditions in
Elementary Schools in Virginia by Dr. James W. Lanham (1999).

127

Appendix V
Follow Up Email to School Principals
The following email was sent to principals who had not returned the South
Carolina School Building Assessment as of November 15, 2007.

Good morning Several weeks ago, you should have received an important survey in the
mail from the South Carolina Department of Education - Office of School
Facilities, and Clemson University. We are currently conducting a study
of South Carolina High Schools to examine the relationship between the
condition of the facility and student performance. It is critical that
we include as many of our schools as possible in the program, as each
school is different and may shed light on the project in a different
way.
If you have not had a chance to complete the survey, please take a few
moments and do so. Your time and effort are very important to the
success of this project. If you have already completed and mailed the
survey, please ignore this message and thank you for your
participation.
Thank you in advance for your assistance in the study of South Carolina
high schools.

Sincerely,

Scott M. Smith
Clemson University
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Appendix VI
Map of Participating School Locations

Appendix VI
Map of Participating School Locations
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Appendix VII
Summarized Survey Responses
In this appendix are found tables containing the results from each of the questions on the
South Carolina School Building Assessment. These tables reflect the actual number of
survey responses for each item. In the exploratory factory analysis procedure, variables
with less than 123 responses include a replacement value of the mean to ensure complete
analysis using SPSS, if that variable was chose to be included in the analysis.
The first three items contain data provided by the Office of School Facilities of
the South Carolina Department of Education.

Building age
Building age information was provided by the Office of School Facilities of the State
Department of Education. The date chosen for identification was the earliest date shown
on the report. Buildings were grouped by construction decade as illustrated in the table
below. Buildings ranged in age from brand new to 80 years old. The average year of
initial building construction was 1975.
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Table 6. Initial Construction Year
Description

N=

%

Cumulative %

2000-present
1990-1999
1980-1989
1970-1979
1960-1969
1950-1959
Older than 1950
Totals

22
9
13
25
18
22
7
116

19.0
7.8
11.2
21.6
15.5
19.0
6.0
100.0

19.0
26.7
37.9
59.5
75.0
94.0
100.0

Major renovation
The Office of School Facilities also provided a listing of major renovations to school
buildings. Originally, this question was included on the South Carolina School Building
Assessment. For this question, the last year of an addition or renovation was noted.
Schools were grouped into decades for ease of comparison. Forty-five schools reported
no renovations or additions had been undertaken.

Table 7. Last Major Renovation
Description

N=

%

Cumulative %

2000-present
1990-1999
1980-1989
1970-1979
1960-1969
1950-1959
Totals

51
22
5
0
1
0
79

64.6
27.8
6.3
0.0
1.3
0.0
100.0

64.6
92.4
98.7
98.7
100.0
100.0
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Square footage
The Office of School Facilities also maintains the total square footage of buildings as
they are constructed. Schools ranged in size from 12,750 square feet to 465, 314 square
feet, with a mean of 199,443 square feet (rounded to the nearest total square foot).
The following questions were items included on The South Carolina School
Building Assessment.

Building description
The next question asked for the description of the school building. Responses ranged
from the building originally being constructed as a high school to buildings being
originally being built as another type of structure and being converted to use as a high
school with no alterations or renovations.

Table 8. What description best fits the school building?
Description

N=

%

Cumulative %

Originally designed as a
high school

105

88.2

88.2

Originally designed as a
school – major renovation

6

5.0

93.3

Originally designed as a
school – minor renovation

6

5.0

98.3

Originally designed as a
school – no renovation

2

1.7

100.0

Totals

119

100.0
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Flooring type
This question asked principals to identify the type of flooring found throughout the
majority of instructional spaces. Answer choices included carpeted floors, tile or terrazzo
floors (with a specific reference to VCT, a common construction material), or wood
flooring.

Table 9. What kind of flooring is found in the majority of instructional spaces?
Description

N=

%

Cumulative %

Carpet
Tile or terrazzo
Wood flooring

25
96
0

20.7
79.3
0.0

20.7
100.0
100.0

Totals

121

100.0

Wall color
The next question asked the color format of walls in the majority of classrooms in the
building. Pastel colors, white or off-white, or dark colors were provided as responses.
81.2 % of the respondents reported a white or off-white wall color in the majority of
classrooms.
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Table 10. What color are the walls in the majority of classrooms?
Description

N=

%

Cumulative %

Pastel colors
White or off-white
Dark colors

22
95
0

18.8
81.2
0.0

18.8
100.0
100.0

Totals

117

100.0

Ceiling material
This question asked for the type of ceiling found in the majority of classrooms in the
school. Responses included acoustical tiles (a suspended ceiling), plaster, wood or metal.
95.9% of responses reported an acoustical tile ceiling structure in the majority of
classrooms.

Table 11. What type of material is used in the majority of classroom ceilings?
Description

N=

%

Cumulative %

Acoustical tiles
Plaster
Wood
Metal

116
5
0
0

95.9
4.1
0.0
0.0

95.9
100.0

Totals

121

100.0

Athletic facilities
Three questions asked respondents to rate the availability, functional adequacy and size
adequacy of athletic facilities that are available to students.
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Table 12. Which of the following athletic facilities are available to students?
Description

N=

%

Cumulative %

One Facility
Two Facilities
Three Facilities
Four Facilities
Five Facilities
Six Facilities
Seven Facilties

2
5
6
25
33
44
3

1.7
4.2
5.1
21.2
28.0
37.3
2.5

1.7
5.9
11.0
32.2
60.2
97.5
100.0

Totals

118

100.0

Table 13. Which of the following athletic facilities do you consider functionally
adequate?
Description

N=

%

Cumulative %

One Facility
Two Facilities
Three Facilities
Four Facilities
Five Facilities
Six Facilities
Seven Facilities

8
7
6
27
30
34
5

6.8
6.0
5.1
23.1
25.6
29.1
4.3

6.8
12.8
17.9
41.0
66.6
95.7
100.0

Totals

117

100.0
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Table 14. Which of the following athletic facilities do you consider to be of adequate
size?
Description

N=

%

Cumulative %

One Facility
Two Facilities
Three Facilities
Four Facilities
Five Facilities
Six Facilities
Seven Facilities

8
11
15
16
33
27
6

6.9
9.5
12.9
13.8
28.4
23.3
5.2

6.9
16.4
29.3
43.1
71.5
94.8
100.0

Totals

116

100.0

Site acreage
The next question asked respondents to report the size in acreage of the school site,
including all athletic fields, parking areas, agricultural areas, etc. Responses ranged from
the largest schools site of 300 acres to the smallest of 4 acres. The average size of the
school site was 54.39 acres.

Classrooms
The following three questions asked respondents to report the total number of classrooms
found in their facility, the number located inside the permanent building structure, and
the number of portable classrooms or trailers. Of the 7,963 classrooms in schools whose
principal responded to the survey, 4.23%, or 337 of these classrooms are mobile or
portable classrooms. For individual schools, the number of portable classrooms in use
ranged from none to 38.46% of the total classrooms in use.

136

The next section of the survey asked principals to agree or disagree with
statements regarding their school building. For each question, principals could choose to
“Completely Disagree,” “Mostly Disagree,” “Somewhat Disagree,” “Somewhat Agree,”
“Mostly Agree,” or “Completely Agree.

Roof leaks
This question asked respondents their level of agreement or disagreement with the visible
signs of roof leaks in their building. 80.0% of respondents reported some need of roof
maintenance in their buildings.
Table 15. Visible signs of roof leaks (e.g. stains or water marks) suggest a need for
maintenance.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree
Totals

24
25
5
24
19
23
120

20.0
20.8
4.2
20.0
15.8
19.2
100.0

20.0
40.8
45.0
65.0
80.8
100.0

Electrical power
This question asked respondents their level of agreement or disagreement with the
availability of electrical power to their building.
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Table 16. Electrical power supplied is adequate for current needs.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

6
5
8
11
41
50

5.0
4.1
6.6
9.1
33.9
41.3

5.0
9.1
15.7
24.8
58.7
100.0

Totals

121

100.0

Outside noise
This question asked respondents their level of agreement or disagreement with the level
of noise from the outside of the school building.

Table 17. Loud noises from outside the school are a distraction to classroom instruction.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

65
35
7
7
6
3

52.8
28.5
5.7
5.7
4.9
2.4

52.8
81.3
87.0
92.7
97.6
100.0

Totals

123

100.0

Natural light
The next question asked respondents their level of agreement or disagreement with the
level of natural lighting in instructional areas of the building.
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Table 18. Instructional areas in the building receive adequate natural light.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

8
10
15
13
48
29

6.5
8.1
12.2
10.6
39.0
23.6

6.5
14.6
26.8
37.4
76.4
100.0

Totals

123

100.0

Heating adequacy
This question asked respondents their level of agreement or disagreement with the
adequacy of heating in school building classrooms.

Table 19. Heating in classrooms is adequate.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

4
5
4
13
55
42

3.3
4.1
3.3
10.6
44.7
34.1

3.3
7.3
10.6
21.1
65.9
100.0

Totals

123

100.0

Heating control
The next question asked respondents their level of agreement or disagreement with the
level of control of heating in classrooms.
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Table 20. Heating in classrooms is controllable.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

9
11
13
21
38
31

7.3
8.9
10.6
17.1
30.9
25.2

7.3
16.3
26.8
43.9
74.8
100.0

Totals

123

100.0

Air-conditioning adequacy
This question asked respondents their level of agreement or disagreement with the
adequacy of air-conditioning in school building classrooms.

Table 21. Air-conditioning in classrooms is adequate.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

5
5
11
9
54
39

4.1
4.1
8.9
7.3
43.9
31.7

4.1
8.2
17.1
24.4
68.3
100.0

Totals

123

100.0

Air-conditioning control
The next question asked respondents their level of agreement or disagreement with the
level of control of air-conditioning in classrooms.
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Table 22. Air-conditioning in classrooms is controllable.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

10
11
15
18
41
28

8.1
8.9
12.2
14.6
33.3
22.8

8.1
17.1
29.3
43.9
77.2
100.0

Totals

123

100.0

Artificial lighting
This question asked respondents their level of agreement or disagreement with the
adequacy of artificial lighting in classrooms for instructional purposes.

Table 23. Artificial lighting in classrooms is adequate for instruction.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

0
3
5
13
44
58

0.0
2.4
4.1
10.6
35.8
47.2

0.0
2.4
6.5
17.1
52.8
100.0

Totals

123

100.0

Light cleaning
This question asked respondents their level of agreement or disagreement with the
adequacy of light cleaning, such as sweeping and mopping of floors, in the building.
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Table 24. Light cleaning (e.g. sweeping or mopping) is completed satisfactorily.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

7
5
9
10
47
44

5.7
4.1
7.4
8.2
38.5
36.1

5.7
9.8
20.5
33.6
66.4
100.0

Totals

122

100.0

Deep cleaning
This question asked respondents their level of agreement or disagreement with the
adequacy of light cleaning, such as waxing of floors or carpet cleaning, in the building.
Table 25. Deep cleaning (e.g. waxing and carpet cleaning) is completed satisfactorily.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

6
6
13
16
40
41

4.9
4.9
10.7
13.1
32.8
33.6

4.9
9.8
20.5
33.6
66.4
100.0

Totals

122

100.0

Classroom electrical outlets
This question asked respondents their level of agreement or disagreement with the
availability of electrical outlets for instructional needs in classrooms.
Table 26. The number of electrical outlets in classrooms is adequate for instructional
needs.
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Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

6
5
15
21
40
36

4.9
4.1
12.2
17.1
32.5
29.3

4.9
8.9
21.1
38.2
70.7
100.0

Totals

123

100.0

School-wide network
This question asked respondents their level of agreement or disagreement with the
availability of connections to a school wide computer network.

Table 27. Classrooms have adequate connections (e.g. wireless or Ethernet) to a schoolwide network.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

5
5
7
17
33
53

4.2
4.2
5.8
14.2
27.5
44.2

4.2
8.4
14.2
28.3
55.8
100.0

Totals

120

100.0

District-wide network
This question asked respondents their level of agreement or disagreement with the
availability of connection to a district wide network.
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Table 28. The school has an adequate connection to the district-wide network.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

2
4
3
14
39
61

1.6
3.3
2.4
11.4
31.7
49.6

1.6
4.9
7.3
18.7
50.4
100.0

Totals

123

100.0

Closed-circuit television
This question asked respondents their level of agreement or disagreement with the
availability of closed-circuit television in classrooms.

Table 29. Classrooms are wired for closed-circuit television distribution.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

4
3
2
14
37
61

3.3
2.5
1.7
11.6
30.6
50.4

3.3
5.8
7.4
19.0
49.6
100.0

Totals

121

100.0

ETV distribution
This question asked respondents their level of agreement or disagreement with the
availability of ETV (Educational Television) for instructional needs in classrooms.
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Table 30. Classrooms are wired for ETV distribution.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

1
2
5
9
37
67

0.8
1.7
4.1
7.4
30.6
55.4

0.8
2.5
6.6
14.0
44.6
100.0

Totals

121

100.0

Computer access
The next question asked respondents their level of agreement or disagreement with the
availability of computer access for students in classrooms.

Table 31. Students have access to an adequate number of computers in classrooms.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

11
12
15
14
44
26

9.0
9.8
12.3
11.5
36.1
21.3

9.0
18.8
31.1
42.6
78.7
100.0

Totals

122

100.0

Instructional Technology
This question asked respondents their level of agreement or disagreement with the
availability of technology for instructional purposes, such as Smartboards or LCD
projectors, in classrooms.
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Table 32. The availability of technology for instructional purposes (e.g. Smartboards or
LCD projectors) is adequate.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

9
17
15
19
35
28

7.3
13.8
12.2
15.4
28.5
22.8

7.3
21.1
33.3
48.8
77.2
100.0

Totals

123

100.0

Internet access
The next question asked respondents their level of agreement or disagreement with the
availability of Internet access for students in classrooms.

Table 33. Internet access for instructional use is available in classrooms.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

5
8
4
13
38
53

4.1
6.6
3.3
10.7
31.4
43.8

4.1
10.7
14.0
24.8
56.2
100.0

Totals

121

100.0

Classroom furniture repair
The next question asked respondents their level of agreement or disagreement with the
state of repair of furniture in classrooms.
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Table 34. Classroom furniture is in a good state of repair.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

4
8
12
23
40
34

3.3
6.6
9.9
19.0
33.1
28.1

3.3
9.9
19.8
38.8
71.9
100.0

Totals

121

100.0

Classroom furniture attractiveness
This question asked respondents their level of agreement or disagreement with the visual
attraction of furniture in classrooms.

Table 35. Classroom furniture is visually attractive.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

6
11
14
26
33
32

4.9
9.0
11.5
21.3
27.0
26.2

4.9
13.9
25.4
46.7
73.8
100.0

Totals

122

100.0

Science lab utilities
This question asked respondents their level of agreement or disagreement with the
availability of utilities for instructional purposes in science laboratories.
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Table 36. Science labs have adequate utilities (e.g. gas, water and electricity) for
instruction.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

7
7
9
13
36
50

5.7
5.7
7.4
10.7
29.5
41.0

5.7
11.5
18.9
29.5
59.0
100.0

Totals

122

100.0

Science lab equipment
This question asked respondents their level of agreement or disagreement with the
availability of equipment, such as glassware, microscopes, etc., for instructional purposes
in science laboratories.

Table 37. Science lab equipment (e.g. glassware, microscopes, etc.) is adequate.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

5
12
5
18
49
34

4.1
9.8
4.1
14.6
39.8
27.6

4.1
13.8
17.9
32.5
72.4
100.0

Totals

123

100.0
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Lockers
This question asked respondents their level of agreement or disagreement with the
working condition of lockers in the school building.

Table 38. Lockers are in good working condition.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree
Totals

9
5
16
17
38
36
121

7.4
4.1
13.2
14.0
31.4
29.8
100.0

7.4
11.6
24.8
38.8
70.2
100.0

School grounds maintenance
This question asked respondents their level of agreement or disagreement with the
maintenance of the school grounds.

Table 39. The school grounds are well maintained.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

2
7
3
14
66
31

1.6
5.7
2.4
11.4
53.7
25.2

1.6
7.3
9.8
21.1
74.8
100.0

Totals

123

100.0
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School grounds attractiveness
This question asked respondents their level of agreement or disagreement with the
attractiveness of school grounds.

Table 40. The school grounds are visually attractive.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

1
6
9
24
49
34

0.8
4.9
7.3
19.5
39.8
27.6

0.8
5.7
13.0
32.5
72.4
100.0

Totals

123

100.0

Non-traditional classrooms
This question asked respondents their level of agreement or disagreement with the
necessity of some classes meeting in areas not originally designed for classroom use.

Table 41. Out of necessity, some classes meet in areas not originally designed as
classrooms.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

42
23
7
14
19
17

34.4
18.9
5.7
11.5
15.6
13.9

34.4
53.3
59.0
70.5
86.1
100.0

Totals

122

100.0
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Interior paint attractiveness
This question asked respondents their level of agreement or disagreement with the
attractiveness of interior wall paint.

Table 42. The paint on interior walls is visually attractive.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

6
6
10
21
52
28

4.9
4.9
8.1
17.1
42.3
22.8

4.9
9.8
17.9
35.0
77.2
100.0

Totals

123

100.0

Interior paint condition
This question asked respondents their level of agreement or disagreement with the
condition of interior wall paint.

Table 43. The paint on interior walls is in good condition.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

6
7
8
20
46
36

4.9
5.7
6.5
16.3
37.4
29.3

4.9
10.6
17.1
33.3
70.7
100.0

Totals

123

100.0
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Exterior paint attractiveness
The next question asked respondents their level of agreement or disagreement with the
attractiveness of exterior paint.

Table 44. The paint on exterior walls is visually attractive.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

3
3
12
25
43
37

2.4
2.4
9.8
20.3
35.0
30.1

2.4
4.8
14.6
35.0
69.9
100.0

Totals

123

100.0

Exterior paint condition
This question asked respondents their level of agreement or disagreement with the
condition of exterior paint.

Table 45. The paint on exterior walls is in good condition.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

3
3
14
18
46
39

2.4
2.4
11.4
14.6
37.4
31.7

2.4
4.8
16.3
30.9
68.3
100.0

Totals

123

100.0
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The second section of The South Carolina School Building Assessment asked
respondents their level of agreement with questions regarding the safety and security of
their school.

ADA standards
The next question asked respondents the level of compliance of their building with ADA
requirements.

Table 46. The building meets the latest Americans with Disabilities Act (ADA)
standards.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

2
3
8
14
42
51

1.7
2.5
6.7
11.7
35.0
42.5

1.7
4.2
10.8
22.5
57.5
100.0

Totals

120

100.0

Electronic security
This question asked respondents to note the level of agreement with the availability of
electronic security after school hours.
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Table 47. The building is electronically secured after school hours.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

18
1
5
11
34
52

14.9
0.8
4.1
9.1
28.1
43.0

14.9
15.7
19.8
28.9
57.0
100.0

Totals

121

100.0

Safety standards
The next question asked respondents about the level of compliance with safety standards
that is achieved in their building, in terms of fire protection, etc.

Table 48. The building meets the latest safety standards (e.g. fire protection, etc.).
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

0
3
5
12
42
59

0.0
2.5
4.1
9.9
34.7
48.8

0.0
2.5
6.6
16.5
51.2
100.0

Totals

121

100.0

School site security
This question asked respondents about the level of security control to the school site.
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Table 49. The school site has adequate controls for security.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

5
8
5
18
50
35

4.1
6.6
4.1
14.9
41.3
28.9

4.1
10.7
14.9
29.8
71.1
100.0

Totals

121

100.0

Communications
The next question asked about the level of communications with classroom areas in the
school.

Table 50. There are adequate communications with all classrooms in the school.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

4
2
6
8
43
58

3.3
1.7
5.0
6.6
35.5
47.9

3.3
5.0
9.9
16.5
52.1
100.0

Totals

121

100.0

Secure entrance for visitors
The next question asked respondents their level of agreement or disagreement with the
security of the building entrance for visitors.
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Table 51. The building has a secure entrance for visitors.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

20
7
6
19
31
37

16.7
5.8
5.0
15.8
25.8
30.8

16.7
22.5
27.5
43.3
69.2
100.0

Totals

120

100.0

Exterior doors
The next question asked respondents their level of agreement or disagreement with the
security of unmonitored exterior doors in the building.

Table 52. Exterior doors that are not monitored are kept secured.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

19
9
10
14
38
29

16.0
7.6
8.4
11.8
31.9
24.4

16.0
23.5
31.9
43.7
75.6
100.0

Totals

119

100.0

Building hallway design
This question asked respondents about the design and layout of building hallways from
the standpoint of view and supervision.

156

Table 53. The building hallways allow unobstructed views for supervision.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

9
6
8
7
53
38

7.4
5.0
6.6
5.8
43.8
31.4

7.4
12.4
19.0
24.8
68.6
100.0

Totals

121

100.0

Student gathering areas
The next questions asked about the visibility of student gathering areas, such as
commons areas, from the standpoint of being supervised from multiple vantage points.

Table 54. Student gathering areas are visible from multiple vantage points.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

2
4
9
19
52
35

1.7
3.3
7.4
15.7
43.0
28.9

1.7
5.0
12.4
28.1
71.1
100.0

Totals

121

100.0

Building hallway size
This question asked respondents about the size of their hallways and the sufficiency of
this size in terms of being able to move groups of students.
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Table 55. Building hallways are sufficiently sized for movement of groups of students.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

14
10
10
13
39
35

11.6
8.3
8.3
10.7
32.2
28.9

11.6
19.8
28.1
38.8
71.1
100.0

Totals

121

100.0

Cafeteria layout
This question asked respondents to evaluate the size of the cafeteria in terms of student
movement both in and out of the facility.

Table 56. The cafeteria layout allows for ease of student movement.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

13
4
7
22
42
33

10.7
3.3
5.8
18.2
34.7
27.3

10.7
14.0
19.8
38.0
72.7
100.0

Totals

121

100.0

Cafeteria seating
The next question asked if the layout of the cafeteria provides sufficient seating space to
minimize the number of necessary lunch periods during the school day.
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Table 57. The cafeteria layout provides sufficient seating to minimize the number of
needed lunch periods.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

16
11
12
15
30
37

13.2
9.1
9.9
12.4
24.8
30.6

13.2
22.3
32.2
44.6
69.4
100.0

Totals

121

100.0

Media center shelving
The next question asked respondents to evaluate the shelving used in the Media Center
from the standpoint of visibility and supervision.

Table 58. Media center shelving permits adequate visual supervision of students.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

7
1
2
14
53
44

5.8
0.8
1.7
11.6
43.8
36.4

5.8
6.6
8.3
19.8
63.6
100.0

Totals

121

100.0
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Auditorium ingress and egress
This question asked about the ease of getting multiple groups into and out of the
auditorium area with minimal waiting time. Twenty-one schools reported they had no
auditorium facility and did not answer this question.

Table 59. The auditorium layout permits multiple groups of students to enter and exit
with minimal waiting time.
Description

N=

%

Cumulative %

Completely Disagree

12

11.8

11.8

Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

3
6
8
36
37

2.9
5.9
7.8
35.3
36.3

14.7
20.6
28.4
63.7
100.0

Totals

102

100.0

Auditorium seating
This questions asked respondents about the seating of the auditorium with regard to its
sufficiency. Twenty-one schools reported they had no auditorium facility and did not
answer this question.
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Table 60. The auditorium seats sufficient numbers of student groups.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

16
4
9
8
28
37

15.7
3.9
8.8
7.8
27.5
36.3

15.7
19.6
28.4
36.3
63.7
100.0

Totals

102

100.0

Overall structural condition
The next question asked respondents their level of agreement or disagreement with the
adequacy of the overall structural condition of the building.

Table 61. The overall structural condition of the building is adequate.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

3
4
5
11
58
40

2.5
3.3
4.1
9.1
47.9
33.1

2.5
5.8
9.9
19.0
66.9
100.0

Totals

121

100.0

Overall cosmetic condition
The next question asked respondents their level of agreement or disagreement with the
adequacy of the overall cosmetic condition of the building.
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Table 62. The overall cosmetic condition of the building is adequate.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

5
4
10
14
55
33

4.1
3.3
8.3
11.6
45.5
27.3

4.1
7.4
15.7
27.3
72.7
100.0

Totals

121

100.0

Overall building maintenance
The next question asked respondents their level of agreement or disagreement with the
adequacy of the overall maintenance of the building, including light bulb replacement,
repair of leaking pipes, etc.

Table 63. Overall, the building is adequately maintained (e.g. light bulb replacement,
leaking pipes repaired, etc.
Description

N=

%

Cumulative %

Completely Disagree
Mostly Disagree
Somewhat Disagree
Somewhat Agree
Mostly Agree
Completely Agree

2
3
5
12
57
41

1.7
2.5
4.2
10.0
47.5
34.2

1.7
4.2
8.4
18.4
65.8
100.0

Totals

120

100.0
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Appendix VIII
Descriptive Statistics
Variable

Mean

AVAILATH
4.915
FUNCATH
4.589
SIZEATH
4.320
ROOFLEAK
3.483
ELECSVC
4.867
NATLIGHT
4.382
ADQHEAT
4.918
ADQAC
4.781
CTLAC
4.244
ARTLIGHT
5.211
LGTCLEAN
4.779
DEEPCLEAN
4.648
CLSELECT
4.561
SCHNTWK
4.892
DSTNTWK
5.171
CCTV
5.148
ETV
5.309
CLSCOMP
4.197
INSTTECH
4.122
CLSINTERNET
4.901
FURNREPAIR
4.562
FURNATTRA
4.352
SCIUTIL
4.754
SCIEQUIP
4.594
LOCKERS
4.471
GRNDMAINT
4.854
GRNDATTRA
4.756
INTPAINTATT
4.553
EXTPAINTATT
4.732
ADASTDS
5.033
SAFETYSTDS
5.231
SECURCNTL
4.694
COMMUNICA
5.132
ENTRANCE
4.208
EXTDOORS
4.092
HLWYSUPV
4.677
GATHRNGAREAS
4.818
HALLSIZE
4.306
CAFEMVMT
4.446
CAFESEATING
4.182
MEDIASUPV
4.959
Communalities – five-factor solution

SD

Analysis N

1.218
1.504
1.688
1.810
1.379
1.496
1.211
1.315
1.554
0.960
1.406
1.414
1.386
1.348
1.114
1.185
0.985
1.582
1.591
1.381
1.336
1.454
1.478
1.401
1.493
1.106
1.133
1.326
1.202
1.130
0.956
1.323
1.180
1.783
1.741
1.467
1.124
1.678
1.542
1.751
1.237

123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
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Variable
AVAILATH
FUNCATH
SIZEATH
ROOFLEAK
ELECSVC
NATLIGHT
ADQHEAT
ADQAC
CTLAC
ARTLIGHT
LGTCLEAN
DEEPCLEAN
CLSELECT
SCHNTWK
DSTNTWK
CCTV
ETV
CLSCOMP
INSTTECH
CLSINTERNET
FURNREPAIR
FURNATTRA
SCIUTIL
SCIEQUIP
LOCKERS
GRNDMAINT
GRNDATTRA
INTPAINTATT
EXTPAINTATT
ADASTDS
SAFETYSTDS
SECURCNTL
COMMUNICA
ENTRANCE
EXTDOORS
HLWYSUPV
GATHRNGAREAS
HALLSIZE
CAFEMVMT
CAFESEATING
MEDIASUPV

Initial

Extraction
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.733
0.756
0.803
0.348
0.504
0.386
0.797
0.783
0.697
0.588
0.600
0.602
0.597
0.616
0.590
0.431
0.560
0.575
0.507
0.550
0.694
0.752
0.557
0.584
0.423
0.642
0.535
0.807
0.765
0.518
0.619
0.501
0.537
0.534
0.641
0.563
0.659
0.727
0.574
0.619
0.459
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Total variance explained – five-factor solution
Component
1
2
3
4
5

Extracted SS Total

% of variance

17.114
3.089
2.464
2.265
2.091

38.894
7.021
5.601
5.148
4.752
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Cumulative %
38.894
45.915
51.516
56.664
61.416

Pattern matrix – five-factor solution
Variable

C1

EXTDOORS
CAFESEATING
GATHRNGAREAS
ENTRANCE
HALLSIZE
CAFEMVMT
HLWYSUPV
COMMUNICA
SECURCNTL
GRNDMAINT
DEEPCLEAN
INTPAINTATT
GRNDATTRA
LGTCLEAN
EXTPAINTATT
FURNATTRA
FURNREPAIR
ROOFLEAK
DSTNTWK
CLSINTERNET
SCIEQUIP
SCHNTWK
SCIUTIL
CLSCOMP
CCTV
ADASTDS
INSTTECH
FUNCATH
AVAILATH
SIZEATH
SAFETYSTDS
ADQHEAT
ADQAC
ARTLIGHT
CTLAC
ELECSVC
ETV
MEDIASUPV

.812
.772
.749
.724
.701
.663
.621
.526
.470

C2

C3

-.797
-.747
-.717
-.704
-.669
-.596
-.576
-.553
.424

C4

C5

.432
.750
.713
.649
.621
.576
.483
.470
.439
.431

.415

.454
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.890
.878
.864
.423
.799
.746
.550
.547
.543
.481
.453

Communalities – eight factor solution
Variable

Initial

Extraction

AVAILATH
FUNCATH
SIZEATH
ROOFLEAK
ELECSVC
NATLIGHT
ADQHEAT
ADQAC
CTLAC
ARTLIGHT
LGTCLEAN
DEEPCLEAN
CLSELECT
SCHNTWK
DSTNTWK
CCTV
ETV
CLSCOMP
INSTTECH
CLSINTERNET
FURNREPAIR
FURNATTRA
SCIUTIL
SCIEQUIP
LOCKERS
GRNDMAINT
GRNDATTRA
INTPAINTATT
EXTPAINTATT
ADASTDS
SAFETYSTDS
SECURCNTL
COMMUNICA
ENTRANCE
EXTDOORS
HLWYSUPV
GATHRNGAREAS
HALLSIZE
CAFEMVMT
CAFESEATING
MEDIASUPV

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.802
0.832
0.848
0.493
0.620
0.556
0.848
0.864
0.710
0.676
0.788
0.714
0.668
0.729
0.670
0.820
0.820
0.672
0.611
0.629
0.747
0.811
0.744
0.765
0.739
0.785
0.674
0.809
0.833
0.671
0.801
0.675
0.760
0.731
0.763
0.618
0.681
0.770
0.712
0.782
0.588
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Total variance explained – eight-factor solution
Component

Extracted SS Total

% of variance

Cumulative %

1
2
3
4
5
6
7
8
9

15.757
2.704
2.394
2.135
1.938
1.371
1.310
1.216
1.004

38.431
6.596
5.839
5.208
4.726
3.343
3.194
2.966
2.448

38.431
45.027
50.866
56.074
60.800
64.144
67.338
70.304
72.752
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Pattern matrix – eight-factor solution

Variable

C1

SCIEQUIP
SCITUIL
FURNREPAIR
FURNATTRA
CLSCOMP
INSTTECH
LGTCLEAN
GRNDMAINT
DEEPCLEAN
GRNDATTRA
INTPAINTATT
EXTPAINTATT
ROOFLEAK
CCTV
ETV
DSTNTWK
FUNCATH
AVAILATH
SIZEATH
ADQAC
ADQHEAT
CTLAC
NATLIGHT
ENTRANCE
EXTDOORS
HLWYSUPV
GATHERNGAREAS
CAFESEATING
CAFEMVMT
HALLSIZE
MEDIASUPV
SCHNTWK
LOCKERS
ARTLIGHT
ELECSVC
SAFETYSTDS
COMMUNICA
SECURCNTL
ADASTDS
CLSINTERNET

.791
.768
.575
.510
.493
.487

C2

-.839
-.830
-.810
-.752
.426
-.446
.425

C3

C4

C5

C6

C7

C8

C9

-.521

.885
.787
.511
.911
.900
.852
.835
.826
.790
.505
.804
.777
.476
.456
-.761
-.646
-.410
-.532
-.514
.454
-.417
-.416
-.676
-.648

.404

-.582
-.515
-.440
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